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conversion  factors,  non-si  to  si  (metric) 

UNITS  OF  MEASUREMENT 


Non- SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


_ Multiply _ 

cubic  feet 

inches 

feet 

feet  per  second  (fps) 

pounds  (mass) 

pounds  (force)  per 
square  inch  (psi) 


Bv 

0.02831685 

25.4 

0.3048 

0..3048 

0.45359237 

0.006895 


_ To  Obtain 

cubic  metres 

millimetres 

metres 

metres  per  second 

kilograms 

megapascals 
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BACKFILL  EFFECTS  ON  RESPONSE 
OF  BURIED  REINFORCED  CONCRETE  SLABS 


CHAPTER  I 
INTRODUCTION 


1.1  BACKGROUND 

Soil-Structure  interaction  (SSI)  is  an  important  consideration  in 
calculating  the  response  of  buried  structures  to  blast  effects.  Results  from 
the  Shallow-Buried-Structures  (SBS)  research  program,  sponsored  jointly  by 
the  Defense  Nuclear  Agency  (DNA)  and  the  Office,  Chief  of  Engineers,  have 
shown  that  the  response  of  identical  buried  test  slabs  varies  from  slight 
damage  to  severe  damage  in  different  backfills  when  loaded  with  identical 
plane-wave  type  dynamic  loads.  The  slabs  buried  as  shallow  as  50  percent  of 
the  roof  span  in  a  high  shear  strength  sand  sustained  about  ten  times  higher 
peak  dynamic  pressures  than  predicted  when  SSI  effects  were  neglected.  The 
unexpected  hardness  of  the  buried  test  slabs  resulted  because  the  effects  of 
SSI  had  been  underestimated.  Data  from  the  SBS  research  have  resulted  in 
significant  revisions  in  vulnerability  and  design  calculations  tor  buried 
protective  structures. 

The  SBS  tests  have  shown  that  SSI  is  an  important  consideration  in  the 
prediction  of  buried  structure  response,  and  that  the  SSI  effects  vary  based 
on  the  specific  backfill  material  around  the  structure.  The  SBS  test  program 
involved  testing  reinforced  concrete  structures  in  a  shallow-buried 
configuration  using  a  HEST  (High  Explosive  Simulation  Technique)  test  which 
produced  a  plane-wave  type  dynamic  load.  The  first  test  in  this  series,  Foam 

HEST  1,  was  conducted  in  a  sand  backfill  material  with  a  charge  density  which 

resulted  in  a  peak  pressure  of  1,900  psi^.  The  structure  suffered  only  minor 
damage,  with  a  center  roof  deflection  of  0.5  inch.  The  interface  pressure 

records  for  this  test  are  shown  in  Figure  1.1.  The  third  test  of  this 

series,  Foam  HEST  3,  was  conducted  on  an  identical  structure  using  the  same 
test  configuration  with  a  clay  backfill  material.  The  charge  density  and 
HEST  configuration  was  the  same  as  that  used  in  Foam  HEST  1.  However, 

^  A  table  of  factors  for  converting  from  non-SI  to  SI  (metric)  units  of 
measure  can  be  found  on  page  5. 
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damage  to  the  structure  was  approximately  6  inches  of  permanent  deflection  at 
the  center  of  the  roof.  Interface  pressure  records  for  this  test  are  shown 
in  Figure  1.2.  References  1  and  2  have  summaries  of  all  tests  in  the  SBS 
program,  while  References  3  and  4  document  the  details  of  Foam  HEST  1  and 
Foam  HES1  3. 

These  tests  show  that  when  the  same  charge  density  is  detonated  in  the 
HEST  configuration  above  shallow-buried  structures  the  loading  on  the 
structure  and  the  response  of  the  structure  vary  with  different  types  of 
backfill  material.  Reference  2  documents  the  procedures  developed  during 
this  test  program  to  predict  buried  structure  response  for  this  type  of 
loading  considering  the  effects  of  SSI. 

There  has  been  a  great  deal  of  uncertainty  in  attempts  to  extrapolate 
the  analytical  methods  developed  in  the  SBS  research  program  for  a  plane-wave 
type  loading  to  compute  buried  structure  response  to  a  point- source  type 
loading.  For  example,  the  curves  shown  in  Figure  1.3  indicate  about  the  same 
predicted  structural  response  in  a  backfill  with  low  seismic  velocity  (about 
1,000  fps) ,  but  show  a  considerable  difference  at  higher  seismic  velocities 
when  using  two  different  analytical  methods.  Before  this  test  program 
virtually  all  experiments  were  conducted  in  a  sand  backfill,  and  there  was  no 
data  from  tests  using  a  localized  point-source  load  on  buried  structures  in 
backfill  materials  with  seismic  velocities  outside  the  range  of  about  800  fps 
to  1,500  fps.  Differences  indicated  by  the  curves  in  Figure  1.3  are 
important  since  the  analytical  methods  for  the  design  of  hardened  structures 
from  the  Army  Technical  Manual  #5-855-1  (Reference  5)  predict  increasing 
structural  response  with  increasing  seismic  velocity,  and  analyticr'  methods 
presen',-1d  by  Hinman,  et  al,  (Reference  6)  predict  structural  response  to  be 
very  nearly  independent  of  seismic  velocity.  Based  on  the  SBS  test  results 
and  the  differences  presented  by  these  two  analytical  methods,  it  is 
important  to  obtain  test  data  on  the  response  of  buried  structures  to 
localized  loading  in  various  backfill  materials  to  assure  proper  evaluation 
of  the  analytical  methods  for  predicting  buried  structure  response. 

The  Backfill  Effects  test  series  was  proposed  and  conducted  to  provide 
the  data  base  necessary  to  allow  evaluation  of  the  analytical  methods 
depicted  by  the  curves  in  Figure  1.3  and  provide  the  information  necessary 
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for  the  development  of  better  predictive  methods  for  ground  shock  and 
structural  response  from  nearby  point-source  loadings. 

1.2  OBJECTIVES 

The  objectives  of  this  test  program  are  to  develop  a  consistent  set  of 
data  for  ground  shock  and  structural  response  from  localized  loadings  in 
various  backfills.  The  data  is  used  to  evaluate  the  accuracy  of  current 
analytic  methods  for  predicting  structural  loadings  and  response  for  buried 
structures.  Data  from  this  test  program  was  prepared  and  presented  in  a 
manner  which  will  aid  the  development  of  improved  methods  for  calculating  the 
loading  and  response  of  buried  structures  subjected  to  ground  shock  generated 
by  nearby  point-source  loadings. 

1.3  SCOPE  OF  WORK 

The  Backfill  Effects  tests  were  conducted  in  various  backfill  materials 
and  provided  data  on  the  response  of  buried  structures  to  localized  point- 
source  loading  in  each  backfill  material.  These  .rests  were  conducted  in  one 
material  with  a  relatively  low  seismic  velocity  and  one  with  a  relatively 
high  seismic  velocity.  To  represent  realistic  backfill  materials,  two  low 
seismic  velocity  materials,  a  high  shear  strength  flume  sand  and  a  low  shear 
strength  reconstituted  clay,  were  used.  For  the  high  seismic  velocity 
material,  an  in-situ  clay  layer  with  a  seismic  velocity  of  approximately 
3,000  fps  was  used. 

The  test  series  consisted  of  four  tests  of  buried  structures  with 
cylindrical  charges  in  various  backfill  materials.  Two  of  the  tests  were  in 
the  reconstituted  clay  backfill;  one  test  on  a  relatively  flexible  test  slab 
and  one  on  a  relatively  stiff  test  slab.  Two  additional  tests  were  conducted 
on  flexible  test  slabs  in  backfills  of  compacted  flume  sand  and  in-situ  clay. 
The  test  slabs  were  constructed  with  L/t  ratios  of  5  and  10,  using  designs 
corresponding  to  those  used  in  previous  localized  loading  tests  with  flume 
sand  backfills  (Reference  7).  The  test  slabs  were  tested  on  a  reaction 
structure  also  designed  for  previous  flume  sand  tests.  Instrumentation 
included  structural  and  free-field  accelerometers,  interface  pressure  gages, 
deflection  gages,  and  soil  stress  gages. 
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Figure  1.2.  Interface  pressure  records.  Foam  HEST  3. 
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Figure  1.3.  Comparison  of  structural  response  vs.  seismic  velocity. 


CHAPTER  2 
RELATED  TESTS 


All  of  the  coses  conducted  previously  using  localized  loading  and  burlod 
structures  have  had  backfill  materials  with  seismic  velocities  in  the  range 
of  800  fps  to  1,500  fps.  An  example  of  this  type  of  test  was  conducted  at 
Fort  Polk,  LA  in  1983,  by  the  Structural  Hochanics  Division,  Structures 
Laboratory,  US  Army  Engineer  Waterways  Experiment  Station  (WES)  and  used  a 
buried  reaction  structure  with  various  test  slabs  against  the  detonation  of  a 
a  cased  explosive  charge.  All  of  the  tests  were  conducted  with  a  backfill 
material  of  compacted  flume  sand  having  a  seismic  velocity  of  approximately 
1,000  fps.  These  tests  were  sponsored  by  the  Air  Force  Engineering  and 
Services  Center  (AFESC) ,  Tyndall  Air  Force  Base,  FL.  The  Backfill  Effects 
test  series  was  designed  around  the  AFESC  tests  conducted  at  Fort  Polk  so 
chat  the  results  of  these  two  tests  could  be  compared.  The  results  of  the 
Fort  Polk  tests  are  documented  in  Reference  7.  Reference  8  has  a  summary  of 
the  results  of  the  AFESC  tests  from  which  the  following  information  was 
taken. 

2.1  TEST  PARAMETERS 

The  AFESC  tests  at  Fort  Polk,  LA  consisted  of  eleven  explosive  tests 
conducted  to  study  the  response  of  structures  buried  in  sand  to  the  loading 
from  a  point-source  detonation.  Each  test:  involved  a  reinforced  concrete 
test  slab  and  a  cylindrical-cased  charge.  The  parameters  varied  in  this 
series  of  tests  included  the  charge  orientation,  standoff  distance,  span-to- 
thickness  ratio,  and  the  percentage  of  reinforcing  steel  in  the  test  slab. 

The  test  articles  used  in  the  AFESC  tests  were  reinforced  concrete 
slabs.  In  each  test  slab,  the  percentage  of  reinforcing  steel  in  the  front 
face  of  the  slab  was  equal  to  that  of  the  back  face.  The  steel  ratios  used 
for  the  steel  in  the  vertical  direction  in  each  face  of  the  test  slab  and  L/t 
ratios  for  each  slab  are  given  in  Table  2.1.  The  test  slabs  were  65  inches 
high  and  15  feet  long.  The  reaction  structure  was  a  reinforced  concrete  box 
open  on  one  side  to  allow  mounting  of  a  test  slab.  After  mounting  on  the 
reaction  structure,  each  test  slab  had  a  clear  span  of  43.2  inches. 
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2.2  FIELD  TEST  PROCEDURES 

A  tost  bed  was  excavated,  and  the  reaction  structure  *es  placed  at  one 
end  of  tho  test  bed.  A  test  slab  was  then  attached  to  the  reaction  structure 
for  each  test.  The  structural  instrumentation  was  'then  installed  on  tho  test 
slab  and  in  the  reaction  structure.  In  this  test  scrips,  a  structural 
accelerometer  was  placed  at  the  center  of  the  back  side  of  the  test  slab  to 
monitor  the  motion  of  that  point  on  tho  structure.  An  interface  pressure 
gage  was  placed  on  the  front  face  of  the  slab  at  this  location  to  measure  tho 
structure  loading.  Froe-field  accelerometers  and  soil  stress  gages  were 
located  in  the  free-field  at  locations  which  were  mirror  images  from  tho 
charge  of  the  locations  of  the  structural  accelerometer  and  tho  interface 
pressuro  gago.  A  passive  deflection  gage  was  used  to  measuro  tho  deflection 
at  the  center  of  tho  test  slab.  The  test  bed  was  backfilled  with  compacted 
flume  sand  so  that  the  center  of  the  test  slab  and  the  conter  of  gravity  of 
the  charge  were  5  feet  beneath  the  ground  surface.  A  hole  wr.s  excavated  in 
the  test  bed  at  the  proper  location  for  the  test  charge.  Tho  charge  was 
placed  at  the  proper  orientation  and  elevation  with  tho  cct  tor  of  the  charge 
opposite  the  center  of  the  test  slab.  The  casing  for  the  test  charge  was  a 
cylinder  27  inches  long  with  an  inside  diameter  of  3.568  inches  and  a  wall 
thickness  of  0.166  inches.  The  casing  was  filled  with  15  *  pounds  of  C6  and 
closed  off  by  end  caps. 

2.3  TEST  RESULTS 

The  tests  of  most  importance  for  comparison  with  the  Backfill  Effects 
tests  are  thoso  in  which  the  charge  wrs  detonated  at  a  range  of  5  feet  from 
the  structure  with  either  a  horizontal  or  vertical  orientation.  The  tests 
meeting  these  specifications  were  Tests  No.  5,  6,  7,  and  9. 

Test  No.  5  was  a  retest  of  a  test  slab  having  an  L/t  ratio  of  10  and 
0.5  percent  steel.  The  charge  was  detonated  in  a  horizontal  orientation 
parallel  to  the  long  span  of  the  structure.  The  response  of  the  slab  was 
significant  with  a  center  deflection  of  about  2.125  inches. 

The  slab  tested  in  Test  No.  6  had  an  L/t  ratio  of  10  with  1.0  percent 
steel.  The  charge  was  placed  in  a  horizontal  configuration  and  resulted  in  a 
center  slab  deflection  of  about  1.563  inches. 

A  test  slab  with  an  L/t  ratio  of  5  having  0.5  percent  steel  was  tested 
in  Test  No.  7  with  a  horizontal  charge  orientation.  The  response  of  the  test 
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slab  was  minimal  with  a  maximum  deflection  at  the  center  of  the  slab  of  about 
0.62  inch. 

In  Test  No.  9,  a  slab  with  an  L/c  of  10  having  0.5  percent  steel  was 
tested  with  a  vertical  charge  orientation.  The  detonation  of  the  charge  in 
this  configuration  caused  the  most  severe  damage  for  this  slob  at  the  5  foot 
rango.  The  conter  span  deflection  was  about  2.938  inches. 

The  parameters  for  each  tost  and  a  summary  of  the  damage  to  each  test 
slab  are  shown  in  Tablo  2.2.  Tests  in  this  series  wore  conducted  on  test 
slabs  having  both  0.5  and  1.0  percent  3teel  with  an  L/C  ratio  of  10.  A 
comparison  of  the  damage  occurring  on  chose  two  test  slabs  when  tested  with 
the  charge  in  the  horizontal  position  was  made.  At  a  range  of  5  feet  both 
slabs  sustained  light  damage,  although  deflections  were  slightly  higher  for 
the  slab  with  0.5  porcent  steol.  At  a  range  of  3.75  foot  the  slab  with 
0.5  percent  steel  was  breachod,  and  the  slab  with  1.0  percent  steel  sustained 
only  moderate  damage.  The  comparison  of  results  botween  slabs  with  varying 
steel  percentages  is  summarized  in  Table  2.3.  This  test  series  also 
investigated  chu  differences  in  response  when  the  charge  orientation  was 
varied.  A  comparison  was  made  of  the  damage  to  test  slabs  having  an  L/c 
ratio  of  10  and  0.5  percent  steel  tested  at  a  range  of  5  feet  with  vertical 
and  horizontal  charge  orientations.  The  vertical  charge  orientation  usod  in 
Test  No.  9  caused  the  greatest  response  of  the  test  slabs.  The  response  was 
38  percent  greater  than  the  response  of  the  test  slabs  due  to  the  horizontal 
charge  orientation.  The  results  of  the  charge  orientation  comparison  are 
summarized  in  Table  2. A. 
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Table  2.1,  Description  of  test  slabs 


Test 

Test 

Steel 

No. 

Slab 

L/C 

A 

A 

0.5 

10 

5 

5 

0.5 

10 

5A 

8 

0.5 

10 

6 

6 

1.0 

10 

6A 

Retest  6 

1.0 

10 

7 

7 

0.5 

5 

7A 

Retest  7 

0.5 

5 

8 

Retest  A 

0.5 

10 

8A 

Retest  A 

0.5 

10 

9 

9 

0.5 

10 

10 

10 

0.5 

10 
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Table  2.2.  Summary  of  results. 


FY  83  AFESC  Tost  Series 
(Sand) 


Test 

No. 

P 

% 

L/t 

R 

££*. 

Maximum 

Deflection 

in. 

4 

0.5 

10 

10 

3/8 

5 

0.5 

10 

5 

2-1/8 

5A 

0.5 

10 

3.75 

Breach 

6 

1.0 

10 

5 

1-9/16 

6A 

1.0 

10 

3.75 

3-5/8 

7 

0.5 

5 

5 

5/8 

7A 

0.5 

5 

2.5 

3-1/2 

8 

0.5 

10 

5 

1 

8A 

0.5 

10 

5 

15/16 

9 

0.5 

10 

5 

2-15/16 

10 

0.5 

10 

5 

1-11/16 

Charge 

Orientation 
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Table  2.3.  Effects  of  steel  percentage  on  structural  response. 


Test 

No, 

P 

% 

UK 

5 

0.5 

10 

5A 

0.5 

10 

6 

1.0 

10 

6A 

1.0 

10 

Maximum 

Range 

Deflection 

(ft) 

(in.) 

5.00 

2.13 

3.75 

Breach 

5.00 

1.56 

3.75 

3.63 

Table  2.4. 
Test  p 

J?2a.  JL.  _LZ£_ 

5  0.5  10 


Effects  of  charge  orientation  on  structural  response. 

Range  Maximum  Deflection 

(ft)...  Charge  Orientation _  _ _ _ (1.0,). 


5.0 


2.13 


9  0.5  10  5.0 


2.94 
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CHAPTER  3 
TEST  ARTICLES 


Sinco  very  little  data  was  available  from  previous  tests  on  the  response 
of  buried  structures  to  localized  loadings  in  higher  seismic  velocity 
backfill  materials,  it  was  decided  to  pattern  the  Backfill  Effects  tests 
aftor  those  conducted  in  the  standard  compacted  sand  backfill.  This  allowed 
more  tosts  in  the  higher  seismic  volocity  backfill  for  comparison  with  the 
tests  in  the  sand  backfill.  The  tost  articles  used  in  the  Backfill  Effects 
tost  sorios  included  a  reaction  structure  and  reinforced  concroto  tost  slabs 
with  L/t  ratios  of  5  and  10.  These  tost  articles  wore  constructed  using  the 
same  designs  as  the  tost  articles  used  in  the  AFESC  sand  backfill  tosts  at 
Fort  Polk,  LA. 

3.1  REACTION  STRUCTURE 

The  reaction  structure  was  a  heavily  reinforced  rectangular  concroto  box 
open  on  one  side  to  allow  mounting  of  a  test  slab.  The  reaction  structure 
was  approximately  65  inches  high,  15  feet  long,  and  A  feet  deep  and  had  been 
constructed  for  a  previous  tost.  The  roof,  walls,  and  floor  of  the  structure 
wore  each  11  inches  thick.  A  5/8- inch- thick  stool  plate  was  cast  on  the 
exposed  surfaces  of  the  roof,  floor,  and  end  walls  of  the  structure  to 
provide  a  hard  smooth  bearing  surface  for  the  test  slabs  and  to  protect  the 
reaction  structure.  To  provide  for  mounting  of  the  test  slabs,  1.25 -inch- 
diameter  bolt  holes  were  drilled  in  the  bearing  plates  with  1-inch  nuts 
welded  to  the  back  side  of  the  plates.  Openings  were  provided  on  each  end  of 
the  reaction  structure  with  hinged  steel  plates  as  doors  to  provide  access  to 
the  interior  of  the  reaction  structure  after  the  test  slab  had  been  mounted. 
Gage  mounts  were  attached  to  the  reaction  structure  for  deflection  gages  and 
structural  accelerometers.  The  mount  for  the  passive  deflection  gage  was 
placed  in  the  center  of  the  rear  wall  of  the  reaction  structure.  The  mounts 
for  active  deflection  gages  were  placed  along  the  centerline  of  the  reaction 
structure  5  inches  from  the  roof  and  floor.  The  mounts  for  the  structural 
accelerometers  were  placed  on  the  centerline  1.5  feet  and  2.5  feet  from  the 
front  edge  of  the  reaction  structure.  Figure  3.1  shows  the  dimensions  of  the 
reaction  structure  and  the  locations  of  the  instrumentation  mounts. 
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3.2  TEST  SLAB  CONSTRUCTION 

Six  test  slabs  were  cast  for  Che  Backfill  Effects  test  series.  The 
first  three  test  slabs  constructed  had  L/C  ratios  of  5  and  contained 
0.5  percent  steel,  while  the  second  three  test  slabs  constructed  had  L/C 
ratios  of  10  with  1.0  percent  steel.  Both  sets  of  test  slabs  were 
constructed  using  a  concrete  mix  corresponding  to  the  mix  used  in  the  AFESC 
tests.  The  concrete  mix  used  a  Type  II  Portland  cement  and  was  designed  to 
produce  a  28-day  unconfined  compressive  strength  of  5,000  psi.  The  aggregate 
was  a  crushed  limestone  no  greater  Chan  3/8-inch  in  diameter.  The 
specifications  for  the  concrete  mix  for  these  test  slabs  are  shown  in 
Table  3.1.  Tost  cylinders  were  collected  during  placement  of  the  concrete 
for  each  sot  of  test  slabs.  These  cylinders  were  tested  to  obtain  unconfined 
compressive  strengths  with  test  dates  28  days  after  placement  and  again  for 
each  slab  on  test  day.  The  average  28  day  compressive  strength  of  the  test 
slabs  with  an  L/t  of  5  was  6,258  psi.  The  test  slabs  with  an  L/C  of  10  had 
an  average  28  day  compressive  strength  of  5,128  psi.  The  compressive 
strengths  for  the  test  slabs  on  the  days  of  the  dynamic  tests  varied  from 
5,855  psi  to  6,398  psi.  The  results  of  the  concrete  compressive  strength 
casts  are  summarized  in  Table  3.2. 

Construction  first  began  with  three  test  slabs  having  an  L/C  of  5  and 
0.5  percent  steel.  These  test  slabs  wore  65  inches  high,  15  feet  long,  and 
8.6  inches  thick.  The  reinforcement  layout  used  a  Grade  60  No.  3  deformed 
reinforcing  bar  as  the  principal  steel  in  the  slab.  The  temperature  and 
shear  steel  were  D2  wire  neat  treated  to  conform  as  closely  as  possible  to 
Grade  60.  The  results  of  the  tensile  pull  tests  for  the  steel  used  in 
construction  of  these  slabs  are  shown  in  Table  3.3.  The  principal  steel  nnd 
shear  steel  were  bent  and  tied  together  to  form  the  reinforcing  mat  according 
to  Che  layout  in  Figure  3.2.  The  reinforcing  mat  was  placed  in  the  wooden 
formwork  for  the  slabs  and  the  appropriate  gage  mounts  were  positioned  and 
tied  in  place.  Mounts  were  positioned  in  the  reinforcing  mat  for  interface 
pressure  gages  and  structural  accelerometers.  Nine  interface  pressure  mounts 
were  tied  to  the  reinforcing  mat  such  that  the  interface  pressure  gages  would 
measure  the  pressure  distribution  on  the  outside  face  of  the  test  slab.  The 
positions  of  the  interface  pressure  gages  are  shown  in  Figure  3.3. 

Figure  3. A  shows  a  typical  gage  mount  for  the  interface  pressure  gages  tied 
to  the  reinforcing  mat.  The  2-inch  by  2-inch  steel  plates  used  for  mounting 
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the  structural  accelerometers  to  the  rear  face  of  the  test  slab  had  D2  wire 
bent  at  a  90-dcgree  angle  and  welded  to  the  place  to  assure  proper  bonding  to 
the  concrete  slab.  The  D2  wire  on  the  plate  was  then  tied  into  the  mat  to 
secure  the  platos  during  concrete  placement  at  the  locations  shown  in 
Figure  3.3.  Figure  3.5  shews  a  typical  steel  plate  tied  into  the  reinforcing 
mac.  The  bolt  holus  were  formed  using  1-3/A-inch-diometer  P 'C  plastic  pipe. 
The  pipo  was  held  in  placo  by  holes  drilled  in  the  bottom  of  the  formwork  at 
the  proper  positions  and  by  boards  with  holos  drilled  in  them  attached  on  the 
top  side  of  the  form,  Figuro  3.6  shows  the  reinforcing  mat  for  a  slab  with 
an  L/c  of  5  just  before  concrete  placement.  After  placement  and  curing  of 
the  concrete,  the  formwork  was  removed. 

Construction  was  then  started  on  three  cost  slabs  with  L/c  ratios  of  10 
and  1.0  porccnc  steel.  Those  tost  slabs  wore  65  inches  high,  15  feet  long, 
and  A. 3  inches  thick.  Tho  reinforcement  layout  used  Grade  60  No.  3  deformed 
reinforcing  bar  for  the  principal  steel.  Tho  temperature  steel  was  D1  wire, 
and  tho  shear  steel  was  D2  wire  which  had  been  heat  created  to  conform  as 
closely  as  possible  to  Grade  60.  The  results  of  the  tensilo  pull  tests  for 
the  steel  used  in  construction  of  these  slabs  are  shown  in  Table  3.3.  The 
principal  steel  and  shear  steel  wore  bent  and  tied  togothor  to  form  the 
reinforcing  mat  according  to  the  layout  in  Figure  3.7.  The  reinforcing  mat 
was  placed  in  the  wooden  formwork  for  the  slabs,  and  the  appropriate  gage 
mounts  were  positioned  and  tied  in  place.  The  gage  mounts  for  the  interface 
pressure  gages  and  the  structural  accelerometers  were  the  same  os  those 
described  previously  for  the  test  slabs  with  L/C  ratios  of  5.  The  locations 
of  these  gages  are  also  the  same  and  arc  shown  in  Figure  3.3.  The  bolt  holes 
used  in  attaching  the  test  slab  to  tho  reaction  structure  wore  again  formed 
with  the  1-3/A-ir.ch-diameter  PVC  plastic  pipes  secured  at  the  proper 
locations.  Figure  3.8  shows  the  reinforcing  mat  for  the  slabs  with  an  L/C 
ratio  of  10  before  concrete  placement.  The  concrete  was  placed  and  cured, 
and  the  formwork  was  removed. 
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Tabic  3.1.  Specif  icaCions  for  concrete  mix 
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Table  3.2.  Concrete  compressive  strengths. 


Cylinder 

Test  Dato  Test  Sample  f'c 

Jto...  — Cast  -  -Ag$  ,  _ t iSh -Cggi). 


2  1/19/89 


1,3,4  2/10/89 


1 


2 


3 


4 


2/16/89  28 

3/10/89  28 

3/28/89 

4/12/89 

4/18/89 

4/1 V89 


1 

5,310 

2 

5,980 

3 

6,260 

4 

6,080 

5 

6,600 

6 

6,510 

7 

6,460 

8 

6,540 

9 

6,190 

-IQ- 

JLJL50 

AVg. 

6,258 

1 

4,700 

2 

5,020 

3 

5,660 

4 

5,060 

5 

4,990 

JL_ 

5.340 

Avg. 

5,128 

1 

6,070 

2 

JL.12Q 

Avg. 

6,095 

1 

5,960 

2 

6,120 

3 

6,380 

4 

7,020 

5 

JLlSIO 

Avg. 

6,398 

1 

5,910 

2 

.  g,8QQ 

Avg. 

5,855 

Avg. 

5,855 

22 


Table  3,3.  Tensile  tost  rosults  for  reinforcement  steel. 


Tvdo  of  Steel 

-LZ.C- 

No.  3  reinforcing  bar 

5,10 

Dl  wire 

10 

D2  wire 

5 

D3  wire 

10 

Use 

Avg.  Yield 
Stress  (osi) 

Principal  stool 

67,424 

Temporaturo  steel 

81,667 

Temperature  steel  & 

Shear  steel 

58,125 

Shaar  steel 

73,222 

Reaction  structure  dimensions  and  instrumentation  layout. 
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Figure  3.3.  Structural  instrumentation  for  test  slabs. 
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Figure  3.4.  Interface  pressure  gage  mount. 


Figure  3.5.  Mounting  plate  for  structural  accelerometer. 
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Figure  3.6.  Reinforcing  mac  for  test  slab  with  L/C  of  5. 
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Figure  3.8.  Reinforcing  mat  for  test  slab  with  L/t  of  10. 
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CHAPTER  4 

FIELD  TEST  PROCEDURES 


Tho  four  ecscs  of  the  Backfill  Effects  test  series  were  cc  fc'u 

dafcermine  the  response  of  buried  structures  to  localized  point-source 
loadings  in  various  backfill  materials.  Tho  first  two  tests  wore  cerduct*d 
*n  o  reconstituted  clay  backfill  material,  one  test  on  a  relatively 
test  vlah  and  the  other  on  a  relatively  stiff  tost  slab.  Tho  clay  frackfUJ 
Material  was  characterized  by  a  low  shear  strength  and  a  low  soism.c 
velocity.  Tho  tbit.’  test  was  conducted  in  a  compacted  sand  backfill  water'', al 
on  a  relatively  flexible  test  slab.  This  test  had  the  same  parameters  as  tho 
teats  couductRd  in  tho  AFESC  tost  series  and  provided  a  good  moasuro  cor 
comparison  between  the  tests  in  this  series  and  the  AFESC  tests.  Tho  sand 
backfill  ws  characterize.*  by  a  high  shear  strength  and  a  low  seismic 
veljclty.  Tusj  za«t  in  the  CONWEB  tost  series  was  again  on  a 

relv!tivol>  flexible  test  slab  in  an  in-situ  clay  backfill  material  having  a 
low  shear  strength  and  u  high  seismic  velocity. 

The  charge  for  these  tests  was  a  cylindrical  cased  charge  containing 
15.4  pounds  of  C4  and  enclosed  by  end  n.ipi;  on  each  end.  The  casing  was 
27  inches  Icvig  with  r*»  inside  diameter  of  3  548  inches  and  a  case  thickness 
of  0.165  inch.  The  charge  v.'as  detonated  in  either  a  horizontal  or  vertical 
orientation  in  each  of  the  tests  with  the  charge  cylinder  parallel  to  the 
long  span  of  the  te-;t  slab.  The  Backfill  Effects  test  series  was  conducted 
at  the  Rodgers  Hollow  tost  site  at  Fort  Knox,  KY  during  the  period  March 
through  May  1989. 

4.1  SITE  SELECTION 

In  March  1989,  the  Rodgers  Hollow  test  site  at  Fort  Knox,  KY  was 
prepared  for  testing  Cor  the  Backfill  Effects  test  series.  The  test  slabs 
and  reaction  structure  were  shipped  from  WES  to  the  test  site.  The  results 
of  geotechnical  studios  of  the  Rodgers  Hollow  test  site  conducted  during 
previous  test  programs  were  examined  to  determine  possible  ljcations  for  the 
Backfill  Effects  test  beds  (References  9  and  10) .  The  location  for  the  test 
beds  required  that  the  water  table  be  relatively  close  to  the  ground  surface, 
and  that  no  distinct  gravel  layers  were,  in  the  area  of  the  test  bed  to  a 
depth  of  approximately  8  feet.  It  was  also  necessary  to  locate  the  in-situ 
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test  bed  in  a  location  which  had  not  been  previously  used  for  explosive 
costing.  Excavation  was  conducted  at  several  possible  locations  on  the  tost 
range  to  determine  an  approximate  location  of  the  water  cablo  and  if  there 
were  distinct  gravel  layers  at  chat  site.  The  sice  which  best  satisfied  the 
desired  conditions  was  selected  for  the  backfill  and  in-situ  tests. 

A  geotechnical  study  was  conducted  to  characterize  the  sice  selected  for 
the  two  cost  beds.  Twelve  locations  around  the  two  Backfill  Effects  test 
beds  wore  assigned  for  drilling  bore  holes.  One  of  the  twelve  holes  was 
designated  for  cha  installation  of  a  piezometer.  A  seismic  survey  was  also 
conducted  for  the  area  surrounding  the  test  bods,  with  emphasis  on  the  area 
to  bo  used  for  the  in-situ  cost  bed.  Figure  4.1  shows  the  locations  of  the 
geophonos  used  for  the  surface  soismic  refraction  survey  to  determine  the 
seismic  volocicios  of  the  various  layers  of  soil  in  the  area  and  to  docorraino 
cho  depth  of  the  water  cable.  This  figure  also  shows  tho  locations  of  tho 
bore  samples  taken  in  this  area  and  the  location  of  tho  piezometer.  In  oach 
of  the  four  Backfill  Effects  tests,  soil  samples  wore  taken  for  geotechnical 
tests  which  would  characterize  the  backfill  material  in  the  test  bods. 

4.2  BACKFILL  TEST  1 

The  first  backfill  test  was  the  cesc  of  a  slab  with  an  L/t  ratio  of  10 
having  1.0  percent  steel.  The  backfill  material  was  reconstituted  clay 
having  a  low  shear  strength  and  a  low  seismic  velocity.  This  test  was 
conducted  with  a  vertical  charge  orientation. 

4.2.1  STRUCTURE  PLACEMENT 

The  2\j  foot  by  20-foot  test  bed  selected  for  the  reconstituted  backfill 
tests  was  excavated  to  a  dtp  id;  of  approximately  8  feet.  A  sump  hole  was  dug 
on  one  side  to  collect  the  water  which  was  constantly  seeping  into  tue  test 
bed.  The  bottom  of  the  test  bed  was  leveled  and  compacted,  and  the  reaction 
structure,  with  test  slab  already  attached,  was  then  set  in  place.  The  four 
accelerometers  in  the  reaction  structure  and  the  six  accelerometers  on  the 
rear  face  of  the  test  slab  were  mounted  in  the  locations  shown  in  Figure  3.1 
and  Figure  3.?,  respectively.  There  were  two  vertical  and  two  horizontal 
accelerometers  in  the  reaction  structure.  The  accelerometers  on  the  test 
slab  were  oriented  to  measure  horizontal  accelerations.  Seven  interface 
pressure  gages  were  mounted  on  the  front  face  of  the  test  slab.  The  active 
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deflection  gages  were  accached  Co  cho  rear  face  of  the  cost  slab,  and  che 
passive  deflection  gage  was  mounted.  The  locations  for  che  interface 
pressure  gagos  and  cho  deflection  gages  are  shown  in  Figure  3.3.  When  all  of 
che  structural  instrumentation  was  prepared,  the  instrumentation  cables  were 
run  out  of  Che  structure  through  a  A-inch-diameter,  Schedule  AO,  PVC  plastic 
pipe.  Figure  A. 2  shows  cho  reaction  structure  and  test  slab  with  che 
instrumentation  cobles  exiting  cho  structure  through  the  PVC  pipe.  The 
inside  of  the  tost  structure  with  cho  gages  mounted  is  shown  in  Figure  A. 3. 

A. 2. 2  BACKFILL  PROPERTIES  AND  PLACEMENT 

The  backfill  material  used  in  this  test  was  a  low  shear  strength,  low 
seismic  velocity  reconstituted  clay.  After  placement  of  the  reaction 
structure  and  preparation  of  the  instrumentation,  the  backfill  procedure 
began.  Geotechnical  studios  had  determined  that  to  achieve  che  desired 
seismic  velocity  of  approximately  1,000  fps,  che  reconstituted  clay  backfill 
should  have  A.O  percent  or  loss  air  voids.  The  clay  was  placed  in  cho  test 
bod  and  compacted  with  hand-held  mechanical  campers  (Figure  A. A)  to  form 
6 -inch  lifts  which  had  approximately  A.O  percent  air  voids.  Nuclear 
moisture-density  measurements  wore  taken  at  four  different  locations  in  cho 
test  bed  and  gave  the  wot  and  dry  densities  and  water  content  of  the  clay 
material.  Figure  A. 5  was  used  in  cho  field  to  relate  the  density  and  water 
content  of  the  clay  to  the  percent  air  voids  in  the  backfill.  When  the 
density  of  the  backfill  material  did  not  correspond  to  an  air  void  percent  of 
approximately  A.O  or  less,  the  mechanical  tampers  were  run  over  the  backfill 
again.  The  process  was  repeated  until  the  correct  air  void  content  was 
obtained.  The  average  wet  density  of  the  reconstituted  clay  backfill  for 
Test  1  was  122.5  lb/ft^  with  a  standard  deviation  of  2.00  lb/ft^,  while  the 
average  dry  density  was  99. A  lb/ftJ  with  a  standard  deviation  of  2.5  lb/ft  . 
The  backfill  procedure  was  repeated  Co  an  elevation  approximately  2.29  feet 
above  the  reaction  structure. 

Pint  jar  samples  were  taken  from  two  locations  in  the  test  bed  on  each 
6- inch  lift  to  determine  oven-dried  water  contents.  This  was  necessary  since 
the  nuclear  density  gages  measured  the  absorbed  and  adsorbed  water  in  the 
clay  producing  a  slightly  higher  than  accurate  water  content  reading.  The 
oven- dried  water  content  readings  from  the  pint  jar  samples  were  compared  to 
the  nuclear  density  gage  water  content  readings,  and  a  correction  factor  was 
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developed.  The  avorage  corrected  water  content  of  the  backfill  for  thij  tost 
was  23.3  porcene  with  a  standard  deviation  of  2.3  percent. 

Gallon  jar  samples  ware  taken  from  the  test  bed  after  placement  of  every 
foot  of  backfill  material.  These  samples  were  submitted  for  laboratory 
testing  to  determine  the  specific  gravity  of  the  clay  backfill.  Two 
55-gallon  drums  of  the  backfill  material  were  collected,  and  the  material  was 
used  to  classify  the  soil  using  the  Unified  Soil  Classification  System. 

A. 2. 3  FREE- FIELD  INSTRUMENTATION 

The  frco-fiold  gages,  including  accelerometers,  soil  stress  gagos,  and 
time  of  arrival  (TOA)  gages  were  placed  in  the  tost  bed  as  the  proper 
devotions  wore  reached  in  the  backfill  process.  These  gages  wore  placed  at 
the  locations  and  elevations  shown  in  Figure  4.6  and  Figuro  4.7.  Figure  4.8 
shows  the  ranges  of  the  froo- field  gages  to  the  explosive  charge.  All  of  the 
gages  in  tho  free- field  were  oriented  toward  the  charge  except  AHF6  and  SE6, 
which  were  positioned  parallel  to  the  structure. 

The  free- field  accelerometers  were  mounted  in  shock  isolated  canisters 
which  wore  4  inches  wide  and  9  inches  long.  Each  end  of  the  canister  was 
sloped  to  form  a  wedge  shape.  The  free- field  accelerometer  which  was  located 
3  feet  from  the  charge  was  mounted  in  a  log  canister  having  a  6-inch  diameter 
and  12- inch  length.  Steel  tubing  was  attached  to  the  gage  canisters  to 
protect  the  instrumentation  cable  until  it  exited  the  test  bed.  The  soil 
stress  gages  wore  mounted  in  a  paddle  mount  which  was  4  inches  wide  and 
8  inches  long.  The  steel  tubing  was  also  attached  to  these  gage  mounts. 
Figure  4.9  shows  placement  of  both  free -field  accelerometers  and  soil  stress 
gages  in  the  clay  backfill  material.  Fifty- two  time  of  arrival  gages  were 
placed  at  the  5  foot  depth  in  an  array  around  the  charge.  The  placement  of 
these  gages  is  shown  in  Figure  4.10.  The  test  bed  was  also  instrumented  with 
ten  geophones,  five  on  each  side  of  the  charge  at  various  depths.  The 
geophones  were  to  be  used  in  downhole  seismic  tests  to  determine  the  seismic 
velocity  of  the  test  bed  before  detonation  of  the  charge.  The  locations  of 
the  geophones  are  shown  in  Figure  4.11. 

During  placement  of  the  backfill,  a  6 -inch- diameter  PVC  pipe  was  place 
at  the  location  and  depth  required  for  the  charge  cylinder.  After  completion 
of  the  backfill  procedure,  the  PVC  pipe  was  removed  and  the  charge  cylinder 
was  inserted  in  the  hole  with  the  cap  and  firing  line  attached.  The  charge 
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was  buried  with  a  vertical  orientation  at  a  depth  of  5,03  feet  at  the  center 
of  tho  charge  and  at  a  range  of  5  feet  from  the  test  panel.  The  hole  above 
tho  charge  was  filled  with  the  clay  backfill  material  which  was  compacted 
around  the  charge  cylinder. 

A. 3  BACKFILL  TEST  2 

The  second  backfill  tost  was  the  test  of  a  slab  with  an  L/t  of  5  with 
0.5  percent  steel.  Tho  backfill  material  was  reconstituted  clay  having  a  low 
shear  strongth  and  a  low  seismic  velocity.  The  tost  was  conducted  with  a 
horizontal  charge  orientation. 

A. 3.1  STRUCTURE  PLACEMENT 

The  reconstituted  clay  backfill  matorial  was  completely  excavated  from 
the  tost  bod  after  the  first  backfill  tost,  and  tho  damaged  test  slab  was 
removed  from  the  reaction  structure.  The  next  tost  slab  with  an  L/t  of  5  was 
attached  to  the  reaction  structure.  Silicone  sealant  was  used  botwcon  the 
reaction  structure  and  the  tost  slab  to  prevent  water  entering  the  structure. 
The  structural  instrumentation,  including  accelerometers,  deflections  gagos, 
and  interface  pressure  gages,  was  prepared  in  tho  same  manner  described  for 
Backfill  Test  1.  The  locations  of  these  gages  on  the  reaction  structure  and 
cose  slab  are  shown  in  Figures  3.1  and  3.3.  The  instrumentation  cables  again 
exited  the  reaction  structure  through  a  A- inch-diameter,  Schedule  AO,  PVC 
plastic  pipe.  Figure  A. 12  shows  a  protest  view  of  tho  test  slab  mounted  to 
Che  reaction  structure.  A  pretest  view  of  the  inside  of  the  reaction 
structure  with  the  instrumentation  installed  is  shown  in  Figure  A. 13, 

A. 3. 2  BACKFILL  PROPERTIES  AND  PLACEMENT 

The  backfill  material  used  Test  No.  2  was  the  same  low  shear  strength, 
low  seismic  velocity  reconstituted  clay  used  in  Test  No.  1.  After  mounting 
the  test  slab  and  preparation  of  the  instrumentation,  the  backfill  procedure 
began.  The  reconstituted  clay  was  placed  in  the  test  bed  and  compacted  to 
form  6- inch  lifts  which  had  approximately  A.O  percent  air  voids.  Nuclear 
moisture-density  gage  readings  were  taken  at  four  locations  in  each  lift. 
These  readings  were  used  to  verify  that  the  proper  compaction  was  achieved  to 
have  A.O  percent  or  less  air  voids  in  the.  backfill  material.  The  average  wet 
density  of  the  reconstituted  clay  backfill  for  Test  2  was  123.7  lb/ft^  with  a 
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standard  deviation  of  1.9  lb/ft  .  The  average  dry  density  for  this  test  was 
100.6  lb/ft^  with  a  standard  deviation  of  2.S  Ib/fr*.  Pint  jar  samples  were 
taken  from  two  locations  in  the  tost  bed  on  each  6-inch  lift.  The  correction 
factor  for  the  water  contents  from  the  nuclear  density  gage  was  determined 
using  the  oven-driod  water  contents  obtained  from  these  samples.  The  averago 
corrected  water  content  of  the  backfill  for  Test  No.  2  was  23.0  percent  with 
a  standard  deviation  of  2.4  percent.  Gallon  jar  samples  of  the  backfill 
material  woro  collected  after  placement  of  each  foot  of  material.  The 
samples  woro  used  to  determine  the  specific  gravity  of  the  clay  backfill. 

Two  55-gallon  drums  of  the  backfill  material  were  collected,  and  the  material 
was  used  to  classify  the  soil  using  the  Unified  Soil  Classification  System. 
Tho  backfill  procedure  continued  to  an  elevation  approximately  2.29  foot 
above  tho  reaction  structure. 

4.3.3  FREE- FIELD  INSTRUMENTATION 

The  freo-fiold  gages  in  Backfill  Tost  2  included  soil  stress  gages, 
accelerometers,  and  interface  pressure  gages.  The  gages  were  placed  in  the 
test  bod  when  the  proper  elevations  were  reached  in  the  backfill  process. 

The  locations  and  elevations  for  the  gages  in  this  test  are  shown  in 
Figure  4.14.  All  of  the  gages  in  the  free- field  were  orionted  toward  the 
charge  except  AHF6  and  SE6,  which  were  positioned  parallel  to  the  structure. 

The  free-field  accelerometers  wore  mounted  in  shock  isolated  canisters. 
Steel  tubing  was  attached  to  the  canisters  to  protect  the  cable  until  it 
exited  tho  test  bed.  The  soil  stress  gages  wore  mounted  in  paddle  mounts  and 
also  had  steel  tubing  attached  to  protect  the  instrumentation  cable.  Both 
the  soil  stress  gages  and  the  accelerometers  were  placed  in  the  backfill 
material  using  a  gage  placement  tool.  The  tool  allowed  the  gages  to  be 
pushed  into  the  backfill  material  as  shown  in  Figure  4.15.  This  placement 
method  allowed  the  gages  to  be  placed  in  the  backfill  without  disturbing  the 
surrounding  soil. 

During  placement  of  the  backfill  material,  a  wooden  formwork 
approximately  6  inches  thick  and  30  inches  long  was  placed  parallel  to  the 
structure  in  the  proper  location  for  the  test  charge.  The  formwork  was  tall 
enough  so  that  it  could  be  removed  after  completion  of  the  backfill  process. 
When  the  formwork  was  removed,  the  charge  cylinder,  with  firing  line 
attached,  was  lowered  in  a  horizontal  orientation  to  a  depth  of  4.81  feet  at 


the  centor  of  the  chargo  (Figure  4.16).  The  charge  was  positioned  parallel 
to  the  tost  slab  at  a  distance  of  5  feet  from  the  front  face  of  the  test 
slab.  The  clay  backfill  material  was  then  compacted  around  the  charge 
cylindor  to  the  top  of  the  test  bed. 

4.4  BACKFILL  TEST  3 

The  third  backfill  test  was  the  test  of  a  slab  with  an  L/t  of  10  having 
1.0  percent  steel.  The  backfill  material  was  a  compacted  concrete  sand 
having  a  high  shear  strength  and  a  low  seismic  velocity.  The  test  was 
conducted  with  vertical  charge  orientation. 

4.4.1  STRUCTURE  PLACEMENT 

The  reconstituted  clay  material  was  completely  removed  from  the  tost  bod 
after  the  second  backfill  tost,  and  the  damaged  test  slab  was  removed.  The 
next  test  slab  with  and  L/t  of  10  was  mounted  on  the  reaction  structure  and 
sealed  with  silicone  sealant.  The  structural  instrumentation,  including 
accelerometers,  deflection  gages,  and  interface  pressure  gages,  was  prepared 
in  the  same  manner  described  for  Backfill  Test  1.  The  locations  of  these 
gages  on  the  reaction  structure  and  test  slab  are  shown  in  Figures  3.1  and 
Figure  3.3.  The  instrumentation  cables  exited  the  structure  through  a 
4 -inch -diameter,  Schedule  40,  PVC  plastic  pipe.  Figure  4.17  shows  a  pretest 
view  of  the  test  slab  mounted  to  the  reaction  structure.  The  interior  of  the 
reaction  structure  with  the  instrumentation  installed  in  shown  in 
Figure  4.18. 

4.4.2  BACKFILL  PROPERTIES  AND  PLACEMENT 

The  backfill  material  for  Test  3  was  a  compacted  concrete  sand  having  a 

high  shear  strength  and  a  low  seismic  velocity.  The  backfill  procedure  began 

after  mounting  of  the  test  slab  and  installation  of  the  structural  gages. 

The  sand  was  placed  in  the  test  bed  and  compacted  to  form  6- inch  lifts  to  an 

elevation  of  approximately  2.29  feet  above  the  reaction  structure.  Previous 

experience  in  tests  with  compacted  sand  backfill  showed  that  the  backfill 

3  3 

should  have  an  average  wet  density  in  the  range  of  116  Ib/ft  to  118  Ib/ft 
to  have  a  seismic  velocity  of  approximately  1,000  fps.  Nuclear  moisture- 
density  readings  were  taken  from  four  locations  in  the  test  bed  for  each 
6- inch  lift  to  ensure  proper  compaction  of  the  sand.  The  average  wet  density 
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of  cho  compacted  sand  backfill  in  Tost  3  was  116.4  Ib/ft  with  a  standard 

*5 

deviation  of  1.3  lb/ft  .  The  average  dry  density  of  the  compacted  sand 
backfill  was  110.8  lb/ft"*  with  a  standard  deviation  of  1.3  lb/ft"*.  Pint  jar 
samplos  wore  taken  from  two  locations  in  the  test  bod  for  each  6-inch  lift. 
The  jar  samples  wore  used  to  determine  oven-dried  water  contents  which  were 
used  as  verification  for  the  nuclear  density  gage.  The  average  water  content 
for  tho  compacted  sand  backfill  in  Test  3  was  5.0  percent  with  a  standard 
deviation  of  0.7  percent.  Gallon  jar  samplos  of  the  sand  backfill  wore 
collected  after  placement  of  each  foot  of  backfill  material  •  These  samplos 
woro  used  to  determine  the  specific  gravity  of  tho  sand  backfill.  Two 
55-gallon  drums  of  tho  backfill  material  woro  collected,  and  the  material  was 
used  to  classify  the  soil  using  the  Unified  Soil  Classification  System. 

4.4.3  FREE- FIELD  INSTRUMENTATION 

Tho  free-field  gages  in  Backfill  Test  3  included  soil  stress  gages, 
accelerometers,  and  interface  pressure  gages.  The  gages  woro  placed  in  tho 
test  bed  when  cho  proper  elevations  were  reached  in  cho  backfill  process. 

The  locations  and  elevations  for  the  gages  in  this  test  are  shown  in 
Figure  4.19.  All  of  tho  gages  in  the  free-field  were  oriented  toward  the 
charge  except  AHF6  and  SE6,  which  were  positioned  parallel  to  the  structure. 

The  free-field  accelerometers  were  mounted  in  the  same  shock  isolated 
canisters  used  in  the  previous  clay  backfill  tests.  A  6 -inch  long  piece  of 
steel  cubing  was  attached  to  the  canister  to  protect  the  instrumentation 
cable  as  it  exited  tho  gage  mount.  The  instrumentation  cable  was  run  from 
the  gages  out  of  the  test  bed.  Low-pressure  soil  stress  gages  were  used  in 
Backfill  Test  3.  The  instrumentation  cable  was  protected  with  refrigeration 
tubing  for  approximately  3  feet  from  the  connection  to  the  gage.  The 
accelerometers  and  soil  stress  gages  were  placed  in  the  test  bed  as  shown  in 
Figure  4.20  and  Figure  4.21.  The  test  bed  was  also  instrumented  with  ten 
geophones,  five  on  each  side  of  the  charge  at  various  depths.  The  geophones 
were  to  be  used  in  downhole  seismic  tests  to  determine  the  seismic  velocity 
of  the  sand  backfill  in  this  test.  The  locations  of  the  geophones  are  shown 
in  Figure  4.22. 

A  vertical  charge  orientation  was  used  in  Backfill  Test  3.  A  6 -inch- 
diameter  PVC  plastic  pipe  was  placed  in  the  backfill  at  the  proper  depth  for 
charge  placement.  After  the  completion  of  the  backfill,  the  charge  was 
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lowered  into  the  PVC  pipe  to  a  depth  of  4.90  feet  at  the  center  of  the 
charge.  The  PVC  pipe  was  chon  removed.  Sand  was  then  compacted  around  the 
tost  charge. 

4.5  IN-SITU  TEST  4 

The  in-situ  test  was  the  test  of  a  slab  with  an  L/t  of  10  having 
1.0  percent  steel.  The  in-situ  clay  backfill  material  was  undisturbed  by 
previous  explosive  testing  and  had  an  average  seismic  velocity  of 
approximately  3,000  fps  and  a  low  shear  strongth.  The  test  was  conducted 
with  a  vortical  charge  orientation. 

4.5.1  STRUCTURE  PLACEMENT 

The  test  bed  for  the  in-situ  test  was  located  a  short  distance  from  the 
test  bed  used  for  the  backfill  tests.  The  20- foot  by  20-foot  area  to  be  used 
for  the  tost  bed  was  excavated  and  leveled  to  a  depth  of  approximately  2  feet 
exposing  a  clay  soil.  The  removal  of  this  soil  also  helped  to  ensure  that 
the  structure  was  placed  beneath  the  depth  of  the  water  table.  While  the 
reaction  structure  and  test  slab  were  being  removed  from  the  test  bed  used  in 
Che  backfill  tests,  a  hole  the  approximate  size  of  the  reaction  structure  and 
test  slab  was  excavated.  The  next  test  slab  with  an  L/t  of  10  was  mounted  on 
the  reaction  structure  before  placement  in  the  test  bed.  The  slab  was  sealed 
with  the  silicone  sealant,  and  Che  structural  instrumentation  was  prepared 
with  the  cables  exiting  the  structure  through  the  4-inch-diameter  PVC  pipe. 
The  reaction  structure  was  then  set  in  the  test  bed.  A  soil-matching  grout 
was  placed  in  front  of  and  on  the  sides  of  the  reaction  structure.  It  also 
covered  approximately  6  inches  over  the  top  of  the  reaction  structure.  The 
GH-7  Barite  grout  was  determined  in  several  other  test  series  to  be  a  good 
match  for  the  clay  at  the  Fort  Knox  test  site.  It  has  the  properties  of 
2,750  fps  average  seismic  velocity,  86  psi  average  compressive  strength,  and 
115  lb/ft  density.  Sand  was  compacted  on  the  back  side  of  the  reaction 
structure  and  from  the  soil-matching  grout  on  top  of  the  reaction  structuro 
to  the  top  of  the  test  bed  which  was  approximately  2.29  feet  from  the  top  of 
the  reaction  structure..  The  properties  of  the  test  bed  for  the  in-situ  test 
were  determined  from  the  seismic  survey  and  the  bore  hole  samples. 
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4.5.2  FREE - FI ELD  INSTRUMENTATION 

The  free-field  gages  in  Che  In-Situ  Test  4  included  soil  stress  gages, 
accelerometers,  and  interface  pressure  gages.  The  accelerometers  were 
mounted  in  shock  isolated  canisters  which  had  steel  tubing  attached  to 
protect  cho  instrumentation  cable  until  it  exited  the  test  bed.  The  soil 
stress  gages  were  mounted  in  the  paddle  mount  and  also  had  steel  tubing 
attached  to  protect  the  cable. 

Five  of  Cho  soil  stress  gages  and  two  of  the  accelerometers  wore  placed 
in  the  grout  surrounding  the  reaction  structure,  A  formwork  was  constructed 
over  the  reaction  structure  to  hold  the  gages  at  the  proper  location  and 
elevation  while  the  soil-matching  grout  cured.  The  locations  of  these  gages 
aro  shown  in  Figure  4.23. 

The  remaining  accelerometers  and  soil  stress  gages  wore  placed  in  cho 
test  bed  on  the  opposite  side  of  the  charge  from  the  reaction  structure.  A 
small  drilling  machine  was  used  to  dig  6 -inch-diameter  holes  for  the  gages  at 
the  proper  locations.  The  gages  were  suspended  in  the  holes  by  the  steel 
tubing  at  the  proper  elevations  and  a  quick  set  grout  was  us*"d  to  secure  the 
gage  in  place.  The  rest  of  the  hole  was  fillod  with  the  soil  matching  grout. 
Tho  locations  of  these  gages  are  also  shown  in  Figure  4.23.  The  test  bed 
after  installation  of  all  the  free-fiold  gages  is  shown  in  Figure  4.24. 

The  charge  was  placed  in  the  test  bed  in  a  6-inch-diameter  hole  drilled 
with  the  drilling  machine.  The  charge  was  positioned,  with  the  firing  line 
and  cap  attached,  at  a  depth  of  5.00  feet  at  the  center  of  the  charge  and  at 
a  range  of  5  feet  from  the  front  face  of  the  test  slab.  The  hole  was  then 
filled  with  the  soil-matching  grout. 
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Figure  4.1.  Seismic  survey  and  bore  hole  locacions. 


Figure  4. 2.  Reaction  structure  and  test  slab  before  Backfill  Tost  1. 


Figure  4.3.  Interior  face  of  test  slab  before  Backfill  Test  1. 


Figure  4. 


Compaction  of  clay  backfill  with 
mechanical  tampers. 
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Figure  4.6.  Free-field  instrumentation  layout.  Backfill  Test 
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Figure  4.7.  Time  of  arrival  gage  layout. 
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Figure  4.8  Free -field  instrumentation  layout  showing 

gage  range  from  charge. 
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Figure  4.10.  Placement  of  time  of  arrival  gages  in 
Backfill  Test  1. 


48 


GROUND  SURFACE 


Figure  A. 12.  Reaction  structure  and  test  slab 
before  Backfill  Test  2. 


Figure  A. 13.  Interior  face  of  test  slab 
before  Backfill  Test  2. 
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Figure  4.14.  Free-field  instrumentation  layout,  Backfill  Test  2. 


Figure  A. 15.  Placement  of  free- field  gages  In 
Backfill  Test  2. 
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Figure  4.17.  Reaction  structure  and  test  slab 
before  Backfill  Test  3. 
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Figure  4.18.  Interior  face  of  test  slab 
before  Backfill  Test  3. 


53 


TEST  BED 
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Figure  4.19.  Free-field  instrumentation  layout,  Backfill  Test 


Figure  4.20.  Accelerometer  placement  in  Backfill  Test  3. 


Figure  4.21.  Placement  of  soil  stress  gage  in  Backfill  Test  3 
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Figure  4.22.  Geophone  locations  in  Backfill  Test  3. 
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Figure  4.23.  Free-field  instrumentation  layout,  In-Situ  Test  4. 


Lgure  4.24.  In-Situ  test  bed  after  placement  of  reaction  structure 
and  free- field  gages. 


CHAPTER  5 
FIELD  TEST  RESULTS 

5.1  GEOPHYSICAL  SITE  CHARACTERIZATION 

Surface  seismic  refraction  tests  were  conducted  over  the  area  used  for 
the  two  test  bods  in  the  Backfill  Effects  test  series.  Those  tests  were 
conducted  to  determine  the  depth  of  the  water  table  and  the  seismic  velocity 
of  the  various  layers  of  soil  in  the  area.  Twelve  sites  wore  also  solectod 
for  boro  holes  to  collect  undisturbed  samples  of  the  soil  to  a  depth  of 
30  foot.  The  results  of  the  seismic  survey  and  the  boring  samples  show  that 
the  soil  from  ground  surface  to  a  depth  of  5  feet  was  classified  as  a  brown 
gravelly  clay.  The  seismic  velocity  of  this  layer  of  soil  ranged  from 
1,280  fps  to  1,370  fps.  The  water  table  was  located  at  a  depth  of  2  feet 
with  100  percent  saturation  at  the  5  foot  level.  From  a  depth  of  5  feet  to 
12  feet,  the  soil  was  classified  as  brown  to  gray  gravelly  clay,  and  from 
12  feet  to  24  feet  as  a  gray  soft  clay.  The  seismic  velocity  from  5  feot  to 
24  feet  ranged  from  4,570  fps  to  4,700  fps.  Below  the  24  foot  depth,  the 
soil  was  classified  as  clay  with  rock  and  gravel. 

5.1.1  BACKFILL  TEST  1 

Several  types  of  samples  were  taken  from  the  clay  backfill  material  used 
for  Backfill  Test  1.  The  gallon  con  samples  of  soil  taken  from  the  test  bed 
every  2  feet  during  the  backfill  procedure  were  used  to  determine  the 
specific  gravity  of  the  clay  was  2.71.  After  applying  the  correction  factor 
to  the  water  content  readings  and  determining  the  specific  gravity  of  the 
clay,  the  mean  air  voids  in  the  backfill  for  Test  1  were  calculated  to  be 
4.4  percent  with  a  standard  deviation  of  2.45  percent.  The  two  55-gallon 
drums  of  backfill  material  were  used  to  classify  the  soil  based  on  the 
Unified  Soil  Classification  System.  The  backfill  material  has  the  gradation 
curve  shown  in  Figure  5.1  and  was  classified  as  brown  gravelly  clay. 

Surface  seismic  refraction  tests  and  downhole  seismic  tests  were 
conducted  to  determine  the  seismic  velocity  of  the  test  bed  in  Backfill 
Test  1.  The  time  of  arrival  versus  depth  from  the  geophones  in  the  downhole 
seismic  survey  for  this  test  are  shown  in  Figure  5.2.  The  average  seismic 
velocity  for  the  backfill  material  in  this  test  was  determined  to  be 
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1,100  fps.  A  summary  of  che  properties  of  the  test  bed  for  Backfill  T*st:  1 
and  the  surrounding  in-situ  soil  are  shown  in  Figure  5.3. 


5.1.2  BACKFILL  TEST  2 

The  properties  of  Che  backfill  material  used  in  Tost  2  were  very  similar 
chose  of  the  backfill  material  used  in  Test  1.  The  pint  jar  samples  were 
taken  to  determine  the  correct  water  content  for  tho  backfill  material,  and 
the  gallon  can  samples  were  taken  to  determine  tho  specific  gravity  of  this 
material  was  also  2.71.  The  mean  air  voids  wore  calculated  on  the  basis  of 
this  information  and  wore  found  to  bo  3.7  t orcont  with  a  standard  deviation 
of  2.5  percent.  Tho  two  55-gallon  drums  of  backfill  material  were  used  to 
classify  the  clay  as  a  brown  gravolly  clay  with  Che  gradation  curve  shown  in 
Figure  5.1.  The  backfill  procedure  was  identical  in  the  first  and  second 
backfill  tests,  and  tho  seismic  velocity  was  assumed  to  be  approximately  che 
same.  Since  the  other  properties  of  the  backfill  were  not  significantly 
different,  chat  assumption  was  valid.  A  summary  of  the  properties  of  che 
test  bed  in  Backfill  Tost  2  and  the  surrounding  in-situ  soil  arc  shown  in 
Figure  5.4. 

5.1.3  BACKFILL  TEST  3 

Several  types  of  samples  were  taken  to  determine  the  properties  of  the 
sand  backfill  material  used  in  Backfill  Test  3.  The  pint  jar  samples  were 
used  to  determine  oven-dried  water  contents  of  the  sand  as  a  check  for  the 
nuclear  density  gage.  The  gallon  can  samples  were  used  to  determine  the 
specific  gravity  of  the  sand  was  2.70.  This  information  was  then  used  to 
calculate  the  mean  air  voids  in  the  test  bed.  The  mean  air  voids  were 

25.3  percent  with  a  standard  deviation  of  1.1  percent.  The  two  55-gallon 
drums  of  the  sand  backfill  material  were  used  to  develop  the  gradation  curve 
shown  in  Figure  5.1.  Figure  5.5  shows  a  comparison  of  the  gradation  curves 
for  the  concrete  sand  used  for  the  backfill  material  in  Backfill  Test  3  at 
Fort  Knox,  KY,  the  Socorro  plaster  sand,  and  the  flume  sand  used  in  the  AFESC 
backfill  tests  at  Fort  Polk,  LA. 

Surface  seismic  refraction  surveys  and  downhole  seismic  surveys  were 
conducted  to  determine  the  seismic  velocity  of  the  test  bed  in  Backfill 
Test  3.  The  time  of  arrival  versus  depth  from  the  geophones  in  the  downhole 
seismic  survey  are  shown  in  Figure  5.6.  The  average  seismic  velocity  for  the 
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sand  backfill  in  the  test  bed  was  determined  to  be  1,100  fps  also.  A 
comparison  of  the  time  of  arrivals  versus  depth  from  the  geophones  in 
Backfill  Test  1  and  Backfill  i'est  3  are  shown  in  Figure  5.7.  This  comparison 
shows  chat  the  results  of  the  downhole  seismic  surveys  for  each  of  these 
backfill  materials  arc  very  similar  and  that  the  1,100  fps  average  seismic 
velocity  agrees  well  with  the  results  of  both  tests.  A  summary  of  the 
properties  of  the  test  bod  in  Backfill  Test  3  and  the  surrounding  in-situ 
soil  are  shown  in  Figure  5.8. 

5.1.4  IN-SITU  TEST  4 

The  in-situ  test  bed  had  the  same  properties  described  above  for  the 
area  surrounding  the  two  test  beds.  The  water  Cable  was  located  2  feet  below 
the  elevations  taken  for  the  ground  surface  of  the  test  bed,  and  tho  lovol  of 
100  percent  saturation  was  5  feet  below  ground  surface.  The  first  5  foot  of 
soil  in  the  in-situ  tost  bed  had  a  seismic  velocity  in  the  range  of  1,280  fps 
to  1,370  fps,  and  the  soil  was  classified  as  a  brown  gravelly  clay.  Below 
this  level  the  seismic  velocity  of  the  test  bed  was  in  the  range  of  4,570  fps 
to  4,700  fps,  and  the  soil  was  classified  as  brown  to  gray  gravelly  clay. 

The  average  seismic  velocity  over  the  depth  of  the  in-situ  test  bed  was 
approximately  3,400  fps.  A  summary  of  the  properties  of  the  test  bed  in  Che 
In-Situ  Test  4  are  shown  in  Figure  5.9. 

5.2  BACKFILL  TEST  1 

The  reconstituted  clay  backfill  test  of  an  L/t  of  10  slab  having 
1.0  percent  steel  was  conducted  on  24  March  1989  with  a  vertical  charge 
orientation.  A  reading  was  taken  from  the  piezometer  immediately  before  the 
test  was  conducted  and  showed  that  the  water  table  was  approximately  6  inches 
below  ground  surface.  Figure  5.10  shows  the  crater  formed  after  detonation 
of  the  charge.  The  crater  was  approximately  7.87  feet  deep  with  a  width 
parallel  to  the  structure  of  13  feet  and  a  length  perpendicular  to  the 
structure  of  13  feet. 

The  detonation  of  the  cased  charge  at  a  range  of  5  feat  from  the  front 
face  of  the  test  slab  caused  severe  damage.  Figure  5.11  shows  the  18-inch  by 
51 -inch  hole  in  the  front  face  of  the  test  slab.  There  was  a  19 -inch 
deflection  from  the  outside  face  of  the  slab  to  the  deformed  reinforcement 
bars  at  the  center  of  the  slab.  The  reinforcement  bars  were  broken  at  the 
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top  and  bottom  supports  near  the  center  of  the  slab.  Cracks  were  formed  on 
both  the  front  and  rear  face  along  the  entire  length  of  the  slab.  The  roar 
faco  of  the  slab  is  shown  in  Figure  5.12, 

The  differences  botwcon  the  protest  and  posttest  elevations  taken  on  top 
of  the  reaction  structure  show  that  the  structure  sottled  an  avorago  of 
1.89  inches,  and  the  cop  of  the  reaction  structure  rotated  coward  the  chargo. 
Tho  avorago  rigid  body  motion  measured  at  the  cop  of  cho  reaction  structure 
was  0.66  inches  in  the  direction  of  the  charge.  This  was  duo  in  part  to  cho 
rotation  of  cho  reaction  structure.  Table  5.1  shows  the  procost  and  posttost 
structural  elevations  and  the  rigid  body  motion  of  the  structure. 

Appendix  A  contains  tho  digitized  data  for  tho  free- field  and  structural 
gages  in  this  cost.  No  data  has  been  included  in  tho  appendix  for  the  TOA 
gages.  The  first  four  TOA  gages  which  wore  placed  on  tho  charge  cylindor 
gave  a  reading  of  0.1  microseconds.  Tho  remaining  TOA  gages  stopped  at  a 
roadrng  of  0.4  microseconds.  Tho  soil  stress  and  interface  pressure  records 
provided  in  this  report  have  been  filtered  with  a  low  pass  20  kHz  filter. 

They  wore  than  filtered  with  a  L>  to  17  kHz  band  rejection  filtor,  Tho 
filtering  processes  was  designed  to  reduce  the  noise  on  tho  data  record  due 
to  tho  instrumentation  system.  The  structural  acceleromotors,  AHS-10  and 
AHS-11,  were  shifted  with  a  constant  baseline  shift  to  zero  velocity  at 
1.0  second.  The  other  accelerometer  records  were  modified  using  a  constant 
baseline  shift  to  account  for  errors  in  picking  zero  by  shifting  the  velocity 
at  time  of  arrival  to  zero.  Some  of  the  accelerometers  were  shifted  with  a 
constant  baseline  shift  to  conform  more  closely  to  the  waveform  projected  by 
the  free-field  gages. 

The  peak  pressure  recorded  by  the  soil  stress  gage,  SE-1,  at  5  feet  from 
the  charge  was  1,000  psi.  The  peak  particle  velocity  from  the  free-field 
accelerometer  at  the  5- foot  range  was  325  in/sec.  The  peak  interface 
pressure  at  the  center  of  tho  test  slab  was  1,900  psi.  The  loading  wave 
speed  of  the  backfill  was  determined  from  the  time  of  arrival  to  the  free- 
field  gages.  An  average  of  the  wave  speeds  determined  from  the  gages  at  a 
range  of  3  feet  from  the  charge  to  a  range  of  5  feet  from  the  charge  gave  a 
loading  wave  speed  for  the  backfill  material  of  1,400  fps.  An  average  of  the 
wave  speeds  determined  from  the  free-field  gages  at  a  range  of  5  feet  from 
the  charge  gave  a  loading  wave  speed  of  2,900  fps.  These  values  of  the 


62 


loading  wave  speed  are  considerably  different  from  the  seismic  velocity  of 
1,100  fps  for  this  backfill  material. 

5.3  BACKFILL  TEST  2  ‘ 

The  reconstituted  clay  backfill  test  of  the  L/t  of  5  slab  was  conducted 
on  7  April  1989  with  a  horizontal  charge  orientation.  Immediately  before 
this  tost  wus  conducted  a  reading  was  taken  at  the  piezometer.  The  water 
table  was  shown  to  be  8  inches  below  ground  surfaco.  The  detonation  of  the 
charge  created  the  crater  shown  in  Figure  5.13.  The  crater  had  a  depth  of 
6.65  feet  and  a  width  parallel  to  the  reaction  structure  of  11  feet.  The 
length  of  the  crater  perpendicular  to  the  reaction  ptructuro  was  13.17  feet. 

Light  to  moderate  damage  with  cracks  on  the  front  and  rear  face  along 
the  entire  length  of  the  test  slab  was  caused  by  the  detonation  of  the 
15. A -pound  cased  charge  at  a  range  of  5  feet  from  the  front  face  of  the  tost 
slab.  Figure  5.1A  shows  the  front  face  of  the  tost  slob  after  excavation  of 
tho  tost  bed  and  again  after  removal  of  the  test  slab  from  the  reaction 
structure.  The  rear  face  of  the  test  slab  is  shown  attached  to  the  reaction 
structure  and  also  after  removal  from  the  reaction  structure  in  Figure  5.15  . 
Tho  passive  deflection  gage  measured  a  maximum  dofloction  of  1.56  inches  and 
a  permanent  deflection  of  1.19  inches.  The  reaction  structure  suffered  minor 
cracking  on  the  rear  wall  and  floor  after  Backfill  Test  2.  This  damage  is 
shown  in  Figure  5.16. 

The  pretest  and  posttest  elevations  tatren  on  top  of  the  reaction 
structure  show  that  the  reaction  structure  moved  upward  an  average  of 
1.98  inches  and  rotated  toward  the  charge.  The  rigid  body  motion  measured  at 
the  top  of  the  reaction  structure  showed  on  overage  movement  of  0.28  inches 
toward  the  charge.  Again  this  average  movement  of  the  top  of  tho  reaction 
structure  toward  the  charge  is  in  part  due  to  the  rotation  of  the  reaction 
structure.  Table  5.1  shows  the  pretest  and  posttest  elevations  of  the 
reaction  structure  and  the  rigid  body  motion. 

Appendix  B  contains  the  digitized  data  for  the  free-field  and  structural 
gages  in  this  test.  The  soil  stress  and  interface  pressure  records  provided 
in  this  report  have  been  filtered  with  a  20  kHz  low  pass  filter.  They  were 
then  filtered  with  a  5  to  17  kHz  band  rejection  filter.  The  filtering 
processes  was  designed  to  reduce  the  noise  on  the  data  record  due  to  the 
instrumentation  system.  The  accelerometers  have  been  shifted  to  set  the 
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valocity  to  zero  an  the  time  of  arrival  for  each  gage  using  a  onstant 
baseline  shift.  Some  of  cho  accelerometers  wore  shifted  with  a  constant 
baseline  shift  to  conform  more  closoly  to  cho  waveform  projected  by  cho  free* 
fiold  gages. 

The  soil  scross  gage,  SE-1,  was  placed  at  a  range  of  5  feet  from  the 
chargo  and  measured  a  peak  pressure  of  1,000  psi.  The  froo-fiold 
accelerometer  at  the  same  distance  from  the  charge  measured  a  peak  particle 
volocity  of  375  in/sec.  The  peak  interface  pressure  at  the  center  of  tho 
cost  slab  was  2,400  psi.  This  data  compares  well  with  the  same  measurements 
in  the  reconstituted  clay  backfill  in  Backfill  Test  1.  The  loading  wave 
speed  of  cho  backfill  determined  from  Cho  averago  of  cho  wave  spoods  from  cho 
gages  up  to  a  rango  of  5  foot  was  1,400  fps.  Tho  wave  spood  determined  from 
an  average  of  cho  wave  speeds  from  gages  at  a  range  of  5  feet  was  2,800  fps. 
The  soismic  velocity  for  this  backfill  material  was  1,100  fps. 

Backfill  Test  2  was  conducted  on  identical  test  articles  with  Cho  same 
charge  configuration  used  in  AFESC  Tost  7.  The  backfill  material  was  changed 
from  a  high  shear  strength  sand  to  a  low  shear  strength  reconstituted  clay 
material  with  approximately  the  same  seismic  velocity  as  the  sand  backfill. 
The  test  slab  in  the  sand  backfill  had  a  maximum  deflection  of  0.63  inches, 
while  cho  tost  slab  in  tho  clay  backfill  had  a  maximum  deflection  of 
1.56  inches.  The  differences  in  response  of  the  tests  slabs  show  that 
backfill  can  effect  the  response  of  buried  structures. 

5.4  BACKFILL  TEST  3 

Tho  compacted  sand  backfill  test  of  an  L/t  of  10  slab  having  1.0  percont 
steel  was  conducted  on  18  April  1989  with  a  vertical  charge  orientation. 
Before  detonation  of  Che  charge  in  Backfill  Test  3,  readings  were  taken  from 
the  piezometer  and  the  2 -inch-diameter  PVC  plastic  pipes  placed  in  each 
corner  of  the  test  bed.  The  peizomoter  showed  that  the  water  table  was 
approximately  7  inches  beneath  the  ground  surface.  The  plastic  pipes  In  each 
corner  of  the  test  bed  gave  an  average  reading  of  1.5  feet  of  water  in  the 
bottom  of  the  test  bed.  These  readings  may  not  indicate  the  true  condition 
of  the  test  bed  as  the  pipes  with  the  highest  water  level  readings  were 
located  in  positions  where  water  was  constantly  flowing  into  the  test  bed. 

The  was  also  no  way  to  ensure  that  the  pipes  had  not  become  clogged  during 
the  backfill  procedure.  The  sump  hole  was  continually  draining  water  from 
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the  tost  bed.  Figure  5.8  shows  the  possible  levels  of  water  retained  in  tho 
test  bed. 

The  crater  formed  by  the  detonation  of  the  15.4-pound  cased  charge  in 
the  sand  backfill  is  shown  in  Figure  5.17.  The  era tor  had  a  depth  of 
4.96  foot  and  a  width  parallel  to  tho  reaction  structure  of  14,5  feet.  The 
length  of  the  crater  perpendicular  to  the  reaction  structure  was  16.83  feet. 

Tho  detonation  of  tho  charge  at  a  range  of  5  feet  from  tho  front  face  of 
tho  tost  slab  caused  light  damage  with  small  cracks  along  the  length  of  tho 
slab  on  the  front  and  roar  face.  Figure  5.18  shows  the  front  face  of  the 
tost  slab  after  excavation  of  the  test  bed.  The  rear  face  of  the  slab  while 
mounted  on  tho  reaction  structure  and  also  after  removal  from  the  reaction 
structure  is  shown  in  Figure  5.19.  The  passive  deflection  gage  in  the 
reaction  structure  showed  a  maximum  deflection  of  1.44  inches  and  a  permanent 
deflection  of  1.13  inches. 

The  pretest  and  posttest  elovations  for  the  top  of  the  reaction 
structure  show  that  the  structure  moved  upward  0.12  inches.  The  average 
rigid  body  motion  at  tho  top  of  the  reaction  structure  was  measured  to  be 
0.79  inches  away  from  the  charge.  Table  5.1  shows  the  pretest  and  posttost 
elevations  and  the  rigid  body  motion  of  the  structure. 

Appendix  C  contains  the  digitized  data  for  the  freo- field  and  structural 
gages  in  this  test.  The  soil  stress  and  interface  pressure  records  in  this 
report  have  been  filtered  with  a  20  kHz  low  pass  filter.  They  were  then 
filtered  with  a  5  tc  17  kHz  band  rejection  filter.  The  filtering  processes 
was  designed  to  reduce  the  noise  on  the  data  record  due  to  the 
instrumentation  system.  The  accelerometers  have  been  shifted  to  set  the 
velocity  to  zero  before  the  time  of  arrival  at  each  gage  using  constant 
baseline  shifts.  Some  of  the  accelerometers  were  shifted  with  a  constant 
baseline  shift  to  conform  more  closely  to  the  waveform  projected  by  the  free- 
field  gages. 

The  soil  stress  gage,  SE-1,  located  5  feet  from  the  charge  measured  a 
peak  stress  of  450  psi.  The  peak  interface  pressure  at  the  center  of  the 
test  slab  was  825  psi.  The  peak  stress  in  the  free-field  for  the 
reconstituted  backfill  material  was  1,000  psi  in  Test  1  and  Test  2, 
which  is  considerably  higher  than  the  peak  stress  in  Test  3.  The  peak 
interface  pressure  at  the  center  of  the  slab  for  Test  1  was  2,100  psi 
and  was  2,400  psi  for  Test  2.  The  measured  stresses  were  much  less  in  the 
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sand  backfill  chan  in  the  reconstituted  clay.  The  loading  wave  speed  was 
found  to  bo  1,300  fps  from  on  average  of  all  the  gages  up  to  a  range  of  5 
feet  from  the  chargo.  This  value  was  not  much  different  than  the  1,400  fps 
loading  wave  speed  calculated  for  the  reconstituted  clay  in  both  tests.  The 
loading  wave  speed  from  on  average  of  the  gages  at  a  range  of  5  feet  from  the 
charge  was  1,800  fps.  This  compares  to  2,900  fps  and  2,800  fps  in  Backfill 
Test  1  and  2. 

Backfill  Test  3  was  conducted  on  an  identical  tost  slab  as  the  one  used 
in  Backfill  Test  1  with  the  only  changes  in  the  test  configuration  being  the 
backfill  material.  The  response  of  the  tost  slab  in  Backfill  Tost  1  was  a 
breach  of  the  slab,  while  the  tost  slab  in  Backfill  Tost  3  suffered  only 
light  damage  with  a  maximum  deflection  of  1.44  inches.  The  backfill  effects 
made  significant  difference  in  the  response  of  theso  two  test  slabs. 

Backfill  Tost  3  was  also  conducted  to  provide  a  comparison  between  tho 
tests  conducted  at  Fort  Knox,  KY,  and  the  AFESC  tests  conducted  at  Fort  Polk, 
LA.  The  necessity  for  the  comparison  test  was  based  on  the  differences  in 
tho  water  table  at  tho  two  sites  and  the  properties  of  tho  soil  surrounding 
the  tost  beds.  Tho  same  tost  configuration  and  similar  test  articles  were 
used  in  each  sot  of  tests.  The  test  slab  for  Backfill  Test  3  had  an  L/t  of 
10  and  1.0  percent  steel,  while  the  test  slab  for  AFESC  Test  9  had 
0.5  percent  steel.  The  test  slab  in  the  AFESC  tests  had  a  maximum  deflection 
of  2.94  inches,  and  the  tost  slob  in  Backfill  Test  3  had  a  maximum  deflection 
of  1.44  inches.  The  AFESC  tests  showed  that  there  was  a  decrease  in 
deflection  when  the  steel  percentage  in  the  slab  was  increased.  A  test  slab 
with  1.0  percent  steel  was  tested  in  AFESC  Test  6  with  a  horizontal  charge 
orientation  and  had  a  maximum  deflection  of  1.56  inches.  The  AFESC  tests 
showed  that  the  vortical  charge  orientation  caused  greater  maximum  deflection 
in  one  test.  The  maximum  deflection  measured  in  Backfill  Test  3  compares 
well  with  the  results  of  the  AFESC  tests  and  showed  that  there  were  no 
significant  effects  caused  by  the  differences  in  the  test  sites. 

5.5  IN-SITU  TEST  4 

The  in-situ  test  of  an  L/t  of  10  slab  having  1.0  percent  steel  was 
conducted  on  28  April  1989  with  a  vertical  charge  orientation.  Readings  from 
the  piezometer  were  taken  immediately  before  the  test,  and  the  ground  water 
table  was  approximately  1.79  feet  below  ground  surface.  The  detonation  of 
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Cho  charge  caused  a  crater  which  was  6.55  feet  deep  as  shown  in  Figure  5.20. 
The  crater  had  a  16  foot  width  parallel  to  the  reaction  structure  and  a 
14.75  foot  length  perpendicular  to  the  reaction  structure. 

The  detonation  of  the  15.4-pound  cased  charge  at  a  range  of  5  feet  from 
the  front  face  of  cho  tost  slab  caused  severe  damage.  Figure  5.21  shows 
damago  to  cho  front  face  of  the  tost  slab  after  excavation  of  the  tost  bed. 
Principal  steel  was  broken  in  cho  back  layer  of  the  reinforcing  mat  at  the 
cencor  of  the  slob  and  in  the  front  layer  of  the  mat  just  below  cho  top 
supports  and  above  the  bottom  supports.  The  rear  face  of  cho  slob  is  shown 
in  Figure  5.22.  The  passive  deflection  gage  in  the  reaction  structure  showed 
a  maximum  deflection  of  10.69  inches  and  a  permanent  deflection  of 
9.19  inches. 

The  protest  and  posttest  elevations  on  cho  top  of  the  reaction  structure 
show  chat  the  structure  moved  upward  on  average  of  2.19  inches.  The  rigid 
body  motion  at  the  cop  of  cho  reaction  structure  was  1.94  inches  away  from 
the  chargo.  Table  5.1  shows  the  pretest  and  posttest  structural  elevations 
and  the  rigid  body  motion. 

Appendix  D  contains  the  digitized  data  for  the  frec-field  and  structural 
gages  in  this  test.  The  soil  stress  interface  pressure  records  in  this 
report  have  been  filtered  with  a  20  kHz  low  pass  filter.  They  were  then 
filtered  with  a  5  to  17  kHz  band  rejection  filter.  The  filtering  processes 
was  designed  to  reduce  the  noise  on  Che  data  record  duo  to  the 
instrumentation  system.  The  accelerometers  have  been  shifted  to  set  the 
velocity  to  zero  before  the  time  of  arrival  at  each  gage  using  a  constant 
baseline  shift.  Some  of  the  accelerometers  were  shifted  with  a  constant 
baseline  shift  to  conform  more  closely  to  the  waveform  projected  by  the  free- 
field  gages. 

The  peak  pressure  recorded  by  Che  soil  stress  gage,  SE-1,  at  a  range  of 
5  feet  from  the  charge  was  1,000  psi.  The  peak  interface  pressure  measured 
at  the  center  of  the  test  slob  was  2,300  psi.  The  loading  wave  speed 
determined  from  the  average  of  wave  speeds  from  gages  at  a  range  up  to  5  feet 
was  1,900  fps.  The  loading  wave  speed  determined  from  wave  speeds  from  gages 
at  a  range  of  5  feet  was  3,800  fps.  The  loading  wave  speed  for  the  in-situ 
backfill  material  was  considerably  higher  than  the  wave  speeds  for  the 
backfill  materials. 
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In-Situ  Test  4  involved  a  test  slab  identical  to  the  ones  used  in  Test  1 
and  Tost  3.  The  seismic  velocity  in  the  in-situ  material  was  approximately 
3,000  fps,  and  the  material  had  a  low  shear  strength.  Tho  test  slob  sufferod 
sovero  damage  from  tho  detonation  of  the  charge.  Those  tests  seem  to  show 
that  tho  strength  characteristics  of  tho  soil  are  important  to  the  response 
of  tho  buried  structure. 
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Tabic  5.1.  Structural  elevations  and  rigid  body  motion. 


Backfill  Test! 


Position 

Pretest  Elevation 

P9gtmt..EieyqSlon 

Rigid  Body 
■  Motion 

1 

94.64' 

94.78' 

A:  -0.94" 

2 

94.76' 

94.86* 

B:  -0.38" 

3 

94.69' 

94.97' 

Avg:  -0.66" 

4 

94.75' 

94.86' 

Backfill  Test_2 

Position 

Protest  Elevation 

Posttest  Elevation 

Rigid  Body 
Motion 

1 

94.78' 

95.02' 

A:  +1.06" 

2 

94.86' 

94.97' 

B:  -0.50" 

3 

94.97' 

95.04' 

Avg:  +0.28" 

4 

94.86' 

95.10' 

Backfill  Test  3 

Rigid  Body 

Position 

Pretest  Elevation 

Posttest  Elevation 

Motion 

1 

95.02' 

95.00' 

A:  +0.63" 

2 

94.97' 

94.99' 

B:  +0.94" 

3 

95.04' 

95.09' 

Avg:  +0.79" 

4 

95.10' 

95.09' 

In-Situ  Test  4 

Rigid  Body 

Position 

Pretest  Elevation 

Posttest  Elevation 

Motion 

1 

95.05' 

95.12' 

A:  +1.88" 

2 

95.06' 

95.00' 

B:  +2.00" 

3 

94.88' 

95.27' 

Avg:  +1.94" 

4 

94.86' 

95.19' 

Test  Bed 


3 

2 

A  4 

1  B 

Reaction  Structure 
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Figure  5.1.  Gradation  curves  for  bacfkfill  materials. 
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Figure  5.2.  Time  of  arrival  versus  depth  from  geophones 
Backfill  Test  1. 


1NS1TU  PROFILE  SEISHIC  VELOCITY 


72 


Figure  5.3.  Section  through  Backfill  Test  1  test  bed 
and  in- situ  profile. 
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Figure  5.5.  Comparison  of  gradation  curves 
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TIME  OP  ARRIVAL,  MSEC 


Figure  5.7.  Comparison  of  time  of  arrival  versus  depth  from  geophones 
in  Backfill  Tesc  1  and  Backfill  lest  3. 
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Figure  5.8.  Section  through  Backfill  Test  3  test  bed 
and  in-situ  profile. 
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Figure  5.11.  Damage  to  the  front  face  of  test  slab, 
Backfill  Test  1. 
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Figure  5.12.  Damage  Co  inside  of  cosc  slab, 
Backfill  Test  1. 


Figure  5.13.  Crater  formed  in  Backfill  Test  2. 
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b.  After  removal  from  reaction  structure. 


Figure  5.14.  Damage  to  front  face  of  test  slab, 
Backfill  Test  2. 
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b.  After  removal  from  reaction  structure. 


Figure  5.15.  Damage  to  interior  face  of  test  slab, 
Backfill  Test  2. 
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Figure  5.16.  Damage  to  reaction  structure  after 
Backfill  Test  2. 


Figure  5.17.  Crater  formed  in  Backfill  Test  3. 
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Figure  5.19.  Derange  to  interior  face  of  test  slab, 
Backfill  Tost  3  (Sheet  2  of  2) . 


Figure  5.20.  Crater  formed  in  In-Situ  Test  4. 
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Figure  5.22.  Damage  Co  interior  face  of  test  slab, 
In-Situ  Test  4. 
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CHAPTER  6 

CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  CONCLUSIONS 

The  Backfill  Effaces  tests  have  shown  that  the  response  of  a  buried 
structure  when  dynamically  loaded  with  a  localized  load  is  significantly 
offer tod  by  the  type  of  backfill  material  around  the  structure.  One  of  the 
most  common  parameters  used  to  describe  a  backfill  material  has  been  the 
seismic  velocity  of  the  backfill.  These  tests  have  shown  that  it  is  possible 
to  have  two  completely  different  backfill  materials  with  approximately  the 
same  seismic  velocity.  Backfill  Test  1  and  Backfill  Test  3  were  conducted  on 
identical  test  slabs.  Test  1  was  conducted  in  a  reconstituted  clay  backfill 
having  a  low  shear  strength  and  a  seismic  velocity  of  approximately 
1,100  fps.  Tost  3  was  conducted  in  a  compacted  sand  backfill  having  a  high 
shear  strength  and  a  seismic  velocity  of  approximately  1,100  fps.  The  test 
slab  in  the  reconstituted  clay  backfill  material  was  hr  inched  by  the 
detonation  of  the  15. A  pound  cased  charge  at  a  distance  of  5  feet  from  the 
front  face  of  the  test  slab.  The  test  slab  in  the  compacted  sand  backfill 
suffered  only  light  damage  when  subjected  to  the  same  test  configuration  used 
in  Test  1.  The  responses  of  the  test  slabs  in  these  two  tests  indicate  that 
seismic  velocity  is  not  a  valid  parameter  for  determining  backfill  effects. 

In-Situ  Test  A  involved  a  test  slab  identical  to  the  ones  used  in  Test  1 
and  Test  3.  The  seismic  velocity  in  the  in-situ  material  was  approximately 
3,000  fps,  and  the  material  had  a  low  shear  strength.  The  test  slab  suffered 
severe  damage  from  the  detonation  of  the  charge.  These  tests  seem  to  show 
that  the  strength  characteristics  of  the  soil  are  important  to  the  response 
of  the  buried  structure. 

Backfill  Test  3  was  conducted  to  provide  a  comparison  between  the  tests 
conducted  at  Fort  Knox,  KY,  and  the  AFESC  tests  conducted  at  Fort  Polk,  LA. 
The  necessity  for  the  comparison  test  was  based  on  the  differences  in  the 
water  table  at  the  two  sites  and  the  properties  of  the  soil  surrounding  the 
test  beds.  The  same  test  configuration  and  similar  test  articles  were  used 
in  each  set  of  tests.  The  test  slab  for  Backfill  Test  3  had  an  L/t  of  10  and 
1.0  percent  steel,  while  the  test  slab  for  AFESC  Test  9  had  0.5  percent 
steel.  The  test  slab  in  the  AFESC  tests  had  a  maximum  deflection  of 
2.9A  inches,  and  the  test  slab  in  Backfill  Test  3  had  a  maximum  deflection  of 
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1,44  inches.  The  AFESC  tests  showed  that  there  was  a  decroase  in  deflection 
when  the  steel  percentage  in  the  slab  was  increased.  A  test  slab  with 
1.0  percent  steel  was  tested  in  AFESC  Test  6  with  a  horizontal  charge 
orientation  and  had  a  maximum  deflection  of  1.56  inches.  The  AFESC  tests  did 
show  that  the  vertical  charge  orientation  caused  greater  maximum  deflection 
in  one  test.  The  maximum  deflection  measured  in  Backfill  Test  3  compares 
well  with  the  results  of  the  AFESC  tests  and  showed  that  there  were  no 
significant  effects  caused  by  the  differences  in  the  test  sites, 

Backfill  Tost  2  was  conducted  on  identical  test  articles  with  the  same 
charge  configuration  used  in  AFESC  Test  7.  The  backfill  material  was  changed 
from  a  high  shear  strength  sand  to  a  low  shear  strength  reconstituted  clay 
material  with  approximately  the  some  seismic  velocity  as  the  sand  backfill. 
The  test  slab  in  the  sand  backfill  had  a  maximum  deflection  of  0.63  inches, 
while  the  test  slab  in  the  clay  backfill  had  a  maximum  deflection  of 
1.56  inches.  The  differences  in  response  of  the  tests  slabs  show  the  extent 
to  which  backfill  can  effect  the  response  of  buried  structures. 

The  free- field  in  the  Backfill  Effects  tests  were  instrumented  to 
determine  the  loading  wave  speeds  of  the  different  backfill  materials.  The 
loading  wave  speed  was  determined  from  the  time  of  arrival  to  the  freo-fiold 
gages  and  their  corresponding  range  to  the  charge.  The  loading  wave  speeds 
were  determined  using  an  average  of  the  wave  speeds  calculated  from  the  free- 
field  gages  up  to  and  including  a  range  of  5  feet.  These  data  show  that  the 
loading  wave  speeds  can  be  considerably  higher  than  the  seismic  velocity  of 
the  backfill  and  are  strongly  dependent  on  peak  stress  levels.  The  loading 
wave  speed  were  also  calculated  using  an  average  of  the  wave  speeds 
calculated  from  free -field  gages  at  the  5 -foot  range.  Again  these  values 
differed  considerably  from  the  seismic  velocity  of  the  backfill.  The  seismic 
velocity  of  a  backfill  material  does  not  indicate  the  loading  wave  speed  of 
the  backfill  material. 

6 . 2  RECOMMENDATIONS 

The  results  of  these  tests  and  preliminary  analysis  of  the  data  show 
that  further  information  can  be  obtained  on  backfill  effects  on  buried 
structures  with  further  analysis  of  the  AFESC  and  Backfill  Effects  data.  Two 
and  tree  dimensional  finite  element  calculations  should  be  performed  to  study 
the  relative  Importance  of  backfill  properties  such  as  wave  speed,  shear 
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strength,  and  stross-strain  relationships.  The  relative  importance  of  the 
structural  properties  such  as  stiffness,  strength,  and  rigid  body  motion 
should  also  be  investigated. 
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APPENDIX  A 

DATA,  BACKFILL  TEST  1 
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Data  from  gages  DEF-1  and  DEF2  in  Backfill  Test  1  have  not  been  included 
in  this  report. 
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Data  from  gages  DEF-1,  DEF-2,  and  SE-8  In  Backfill  Tost  2  have  noc  boon 
included  in  this  report. 
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4-J 

c 

Q) 

E 

(DM* 

U 

(D 


a 


oi 


cu 

i 


Digitizing  rate:  200,000  Hz 
Calibration:  7400 
Constant  Baseline  Shift 


B23 


Displacement,  inches 


CONWEB  T2 
AHF-7 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  10271 
Constant  Baseline  Shift 


B24 


Displacement,  inches 


CONWEB  T2 
AHF-8 


in_. 

oil 


2H 


O 


in 

i 


Digitizing  rate:  200,000  Hz 
Calibration:  24286 
Constant  Baseline  Shift 


B25 


Displacement,  inches 


CONWEB  T2 
AHF-9 


Digitizing  rate:  200,000  Hz 
Calibration:  11735 
Constant  Baseline  Shift 


B26 


placement,  inches 

000  1.500  2.000  2.500  3.000 


CONWEB  T2 
AHF-10 


w  • 

■rl  nH 

D 

O 

O 

in 


Digitizing  rate:  200,000  Hz 
Calibration:  5928 
Constant  Baseline  Shift 


Displacement,  inches 


CONWEB  T2 
AHF-11 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  12330 
Constant  Baseline  Shift 


B28 


Displacement,  inches 


CONWEB  T2 
AHF-12 


10 -i 


o 

ml 


ini 


o 

in- 

OJ 


vi 


cn 


o 
o 
u  CM 


(U 

in 


•u  o 
■n0- 

U  -rt 

O 

r— i 

Q) 

>  O- 

in 


o 

o 


Digitizing  rate:  200,000  Hz 
Calibration:  9944 
Constant  Baseline  Shift 


B29 


Pressure,  psi 


CONWEB  T2 


CONWEB  T2 
SE-3 


o 

o 

irn 


CVJ 


o 

o 

O" 


C\J 


o 

o 

uin 

fU  • 
ifi  ^ 
i 

•iH 


tr>  o 
o 


0.0 

hSi 


o 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  3168 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B31 


CONWEB  T2 
SE-4 


Digitizing  rate:  200,000  Hz 

Calibration:  5095 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B32 


Impulse,  psi-sec 

.500  0.  0.500  1.000  1.500  2.000  2.500  3.000 


CONWEB  T2 
SE-6 


Digitizing  rate:  200,000  Hz 

Calibration:  2969 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B33 


Impulse,  psi-sec 


CONWEB  T2 
SE-7 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  10160 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B34 


Impulse,  psi-sec 

.500  0.  0.500  1.000  1.500  2.000 


CONWEB  T2 
SE-9 


o 

i 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2411 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


CONWEB  T2 
SE-10 


o 

o  o 


Digitizing  rate;  200,000  Hz 

Calibration:  2385 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filtei 


B36 


CONWEB  T2 
SE-11 


Digitizing  rate:  200,000  Hz 
Calibration:  866 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B37 


CONWEB  T2 
SE-12 


Digitizing  rate:  200,000  Hz 

Calibration:  5250 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B38 


CONWEB  T2 
SE-13 


o 

o 


Digitizing  rate:  200,000  Hz 

Calibration:  10454 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B39 


Impulse,  psi-sec 


CONWEB  T2 
SE-14 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  10485 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B40 


CONWEB  T2 
SE-15 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  7838 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


B41 


APPENDIX  C 

DATA,  BACKFILL  TEST  3 


Cl 


Data  from  gages  DEF-1,  DEF*2,  IF-5,  and  AHF-4  in  Backfill  Test  3  have 
not  been  included  in  this  report. 


CONWEB  T3 
IF- 1 


Digitizing  rate:  200,000  Hz 

Calibration:  2363 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C3 


CONWEB  T3 
IF -2 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2718 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


Impulse,  psi-sec 


CONWEB  T3 
IF-3 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2991 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C5 


Impulse,  psi-sec 

.100  0.200  0.300  0.400  0.500 


CONWEB  T3 
IF-6 


10  2  4  B  8  10  IS  14  16  18  20 

Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2660 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C6 


Impulse,  psi-sec 

.500  0.  0.500  1.000  1.500  2.000  2.500 


CONWEB  T3 
IF-8 


§1 

(\J  ^ 

o 

o  o 

O"  O" 

.  CD 

OJ 

O 

o  o 

mpulse.  psi-sec 

>00  1.000  1.5 
_ i _ 

Pressure,  psi 
)0  400  6C 
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500  0.  0.5 
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00  0  2C 
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OJ 

o  i  C 
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4  e 

E 

1 

D  1 

2  1 

4  1 

5  1 

3  20 

Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2892 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C7 


Impulse,  psi-sec 

.600  -0.400  -0.200  -0.  0.200  0.400  0.600 


CONWEB  T3 
IF-9 


•q-1  I  |  |  |  |  |  i  |  j—  l 


O  I  0  2  4  6  8  10  12  14  16  18  20 

Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2611 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C8 


T 


Digitizing  rate:  200,000  Hz 
Calibration:  3272 
Constant  Baseline  Shift 


C9 


T3 


HS-0 


Displacement,  inches 


CONWEB  T3 
AHS-1 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  5712 
Constant  Baseline  Shift 


CIO 


CONWEB  T3 
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o 

o 
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o 
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(U  . 

>>1-1 

Eri 

4J 
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IpfljS 
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o 

in_ 

•50 

o 

1 

i 


o 


Digitizing  rate:  200,000  Hz 
Calibration:  5275 
Constant  Baseline  Shift 


Cll 


Displacement,  inches 

I.2C0  0.400  0.600  0.800  1.000  1.200 


CONWEB  T3 
AHS-3 


Digitizing  rate:  200,000  riz 
Calibration:  5495 
Constant  Baseline  Shift 


C12 


Displacement,  inches 

.500  0.  0.500  1.000  1.500  2.000 


CONWEB  T3 
AHS-5 


Digitizing  rate:  200,000  Hz 
Calibration:  3073 
Constant  Baseline  Shift 


C13 


Displacement,  inches 

.200  0.  U.200  0.400  0.600  0.800  1.000 


CONWEB  T3 
AHS-6 


Digitizing  rate:  200,000  Hz 
Calibration:  1907 
Constant  Baseline  Shift 


C14 


Displacement,  inches 

.  000  -0 . 800  -0 . 600  -0 . 400  -0 . 200  0 .  0 . 200 


CONWEB  T3 
AHS-10 


i 


Digitizing  rate:  200,000  Hz 
Calibration:  871 
Constant  Baseline  Shift 


C15 


Displacement,  inches 
-0.300-0.200-0.100  0.  0.100 


Digitizing  rate:  200,000  Hz 
Calibration:  1059 
Constant  Baseline  Shift 


C16 


Displacement,  inches 

.050  0.  0.050  0.100  0.150  0.200 


CONWEB  T3 
AVS-10 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  942 
Constant  Baseline  Shift 


C17 


CONWEB  T3 
AVS-12 


o 

o 

21 
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in 


in 

CD 

JZ 
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OJ 

E  o 
<uin 
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to  . 
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Si 
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cu 

in 


\o_ 
c  ^ 
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sj 

oJ 
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I 


°J 

OJ-1 

I 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  1062 
Constant  Baseline  Shift 


C18 


CONWEB  T3 
AHF-1 


in  o 

c\j  o  o 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  8539 
Constant  Baseline  Shift 


C19 


Displacement,  inches 

.010  0.  0.010  0.020  0.030  0.040  0.050  0.060 


CONWEB  T3 
AHF-3 


Digitizing  rate:  200,000  Hz 
Calibration:  7364 
Constant  Baseline  Shift 


C20 


Displacement,  inches 

.200  C.  0.200  0.400  0.600  0.800  1.000 


CONWEB  T3 
AHF-6 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  11825 
Constant  Baseline  Shift 


C21 


Displacement,  inches 
.020  0.040  0.060  0.080  0.100  0.120 


CONWEB  T3 
AHF-7 


Digitizing  rate:  200,000  Hz 
Calibration:  16426 
Constant  Baseline  Shift 


C22 


Displacement,  inches 


Digitizing  rate:  200,000  Hz 
Calibration:  23294 
Constant  Baseline  Shift 


C23 


Displacement,  inches 

.200  0.  0.200  0.400  0.600  0.800  1.000  1.200 


CONW'EB  T3 
AHF-9 


Digitizing  rate:  200,000  Hz 
Calibration:  7005 
Constant  Baseline  Shift 


C24 


Displaceme'"  nches 
500  i.000  1.50C  .  0  2.500  3.000  3.500 


CONWEB  T3 
AHF-10 


Digitizing  rate:  200,000  Hz 
Calibration:  5661 
Constant  Baseline  Shift 


C25 


CONWEB  T3 
SE-1 


o 

o  o 


Digitizing  rate:  200,000  Hz 

Calibration:  3368 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C26 


Impulse,  psi-sec 

.500  0.  0.500  1.000  1.500  2.000  2.500  3.000 


CONWEB  T3 
SE-3 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  3168 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C27 


se.  psi-sec 


CONWEB  T3 
SE-4 
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i 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  3189 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


CONWEB  T3 
SE-6 


Digitizing  rate:  200,000  Hz 

Calibration:  3089 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


C29 


Impulse,  psi-sec 


CONWEB  T3 
SE-7 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  2990 

Filtering:  20  kHz  low  pass  filter 

5  -  17  kHz  band  rejection  filter 


C30 


CONWEB  T3 
SE-8 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  3520 

Filtering:  20  kHz  low  pass  filter 

5  -  17  kHz  band  rejection  filter 


C31 


CONWEB  T3 
SE-9 


Digitizing  rate:  200,000  Hz 

Calibration:  3046 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


Impulse,  psi-sec 

.200  0.  0.200  0.400  0.600  0.800  1.000 


CONWEB  T3 
SE-10 


Digitizing  rate:  200,000  Hz 

Calibration:  210y 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


CONWEB  T3 
SE-11 


o 

o  o 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  562 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  baud  rejection  filter 


C34 


APPENDIX  D 
DATA,  IN- SITU  TEST  4 


D1 


D2 


Impulse,  psi-sec 

.500  1.000  1.500  2.000  2.500  3.000 


CONWEB  T 4 
IF- 1 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  8475 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D3 


Impulse,  psi-sec 


CONWEB  T 4 
IF-2 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  8502 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D4 


Impulse,  psi-sec 


CONWEB  T 4 
IF-3 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  8679 

Filteriug:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D5 


Impulse,  psi-sec 

.500  0.  0.500  1.000  1.500  2.000  2.500 


CONWEB  T 4 
IF-5 


o 


Digitizing  rate:  200,000  Hz 

f  alibration:  9052 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D6 


CONWEB  T 4 
IF-6 


Digitizing  rate:  200,000  Hz 

Calibration:  5714 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D7 


Impulse,  psi-sec 


CONWEB  T 4 
IF-8 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  8523 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D8 


Impulse,  psi-sec 


CONWEB  T 4 
IF-9 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  8441 

Filtering:  20  kHz  low  pass  filter 

5  -  17  kHz  band  rejection  filter 


D9 


Displacement,  inches 


CONWEB  T 4 
AHS-1 
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(U 
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QJ  O 
U) 


o 

.O- 

>>CVJ 
4J  I 


o 


Digitizing  rate:  200,000  Hz 
Calibration:  17776 
Constant  Baseline  Shift 


D10 


Displacement,  inches 


CONWEB  T A 
AHS-2 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  16416 
Constant  Baseline  Shift 


Dll 


Displacement,  inches 


CONWEB  T 4 
AHS-3 


Si 


ini 


oi 


inJ 

i 


Digitizing  rate:  200,000  Hz 
Calibration:  15796 
Constant  Baseline  Shift 


D12 


rum 


CONWEB  T 4 
AHS-5 


(DH 


in 

QJ 
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c 

*irr- 

4J 
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<->  eu¬ 
ro 
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ri 
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ol 


cuJ 
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o 

o  o 


Digitizing  rate:  200,000  Hz 
Calibration:  14855 
Constant  Baseline  Shift 


D13 


Displacement,  inches 


CONWEB  T A 
AHS-6 


iO“l 


rx~\ 


CVlH 


0-1 


(DJ 

i 


Digitizing  rate:  200,000  Hz 
Calibration:  8797 
Constant  Baseline  Shift 


D14 


Displecement.  inches 

-2.500-2.000-1.500-1.000-0.500  0.  0.500  1.000 


CONWEB  T 4 
AHS-10 


Time,  msec 


Digitizing  rate:  2o0,000  Hz 
Calibration:  871 
Constant  Baseline  Shift 


D15 


Velocity,  in 


CONWEB  T 4 
AHS-U 


Digitizing  rate:  200,000  Hz 
Calibration:  1059 
Constant  Baseline  Shift 


D16 


Displacement,  inches 

.500  0.  0.500  1.000  1.500  2.000 


CONWEB  T 4 
AVS-10 


Digitizing  rate:  200,000  Hz 
Calibration:  942 
Constant  Baseline  Shift 


D17 


Displacement,  inches 

.500  0.  0.500  1.000  1.500  2.000 


CONWEB  T 4 
AVS-12 


Digitizing  rate:  200,000  Hz 
Calibration:  1062 
Constant  Baseline  Shift 


D18 


Displacement,  inches 

.050  0.  0.050  0.100  0.150  0.200  0.250  0.300 


CONWEB  T 4 
AHF-3 


1  .  UVU  L.  •  VVt 

Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  18786 
Constant  Baseline  Shift 


D19 


Velocity,  in/sec 


CONWEB  T 4 
AHF-6 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  18920 
Constant  Baseline  Shift 


D20 


Displacement,  inches 

.  lOO  0.  0.100  0.200  0.300  0.400  0.500 


CONWEB  T 4 
AHF-7 


o 

i 


o 

o  o 


Digitizing  rate:  200,000  Hz 
Calibration:  38738 
Constant  Baseline  Shift 


D21 


Displacement 


o 

o 
c 
to  ~ 

o 

o 

o 

T" 


o 

o 

o 

or 


o 

o 


Digitizing  rate:  200,000  Hz 
Calibration:  57560 
Constant  Baseline  Shift 


D22 


Displacement,  inche 


CONWEB  T 4 
AHF-9 


ini 


nl 


Ol 


Digitizing  raje:  200,000  Hz 
Calibration:  14182 
Constant  Baseline  Shift 


D23 


Displacement,  inches 


CONWEB  T 4 
AHF-10 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  7592 
Constant  Baseline  Shift 


D24 


CONWEB  T 4 
AHF-11 


o 


Time,  msec 


Digitizing  rate:  200,000  Hz 
Calibration:  38606 
Constant  Baseline  Shift 


D25 


CONWEB  T A 
AHF-12 


o_ 


ecH 
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OJ 

sz 
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ioH 


E 

tu 

u 

ro 


q(\j- 


V) 

-H 1 

a 


oi 


cvjJ 

i 


o 

o  o 


Digitizing  rate:  200,000  Hz 
Calibration:  21008 
Constant  Baseline  Shift 


D26 


CONWEB  T 4 
SE-1 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  7239 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D27 


Impulse,  psi-sec 

.500  1.000  1.500  2.000  2.500  3.000 


CONWEB  T 4 
SE-3 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  10542 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D28 


CONWEB  T 4 
SE-7 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  10160 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D29 


Impulse,  psi-sec 


CONWEB  T 4 
SE-8 


o 

o 


Time,  msec 


Digitizing  rate:  200,000  Hz 

Calibration:  13827 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D30 


CONWEB  T 4 
SE-9 


Digitizing  rate:  200,000  Hz 

Calibration:  7905 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D31 


CONWEB  T 4 
SE-U 


o 

o  o 


Digitizing  rate:  200,000  Hz 
Calibration:  866 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D32 


Impulse,  psi-sec 


CONWEB  T 4 
SE-13 


o 


Digitizing  rate:  200,000  Hz 

Calibration:  10020 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D33 


CONWEB  T 4 
SE-14 


Digitizing  rate:  200,000  Hz 

Calibration1  10485 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D34 


r 


CONWEB  T 4 
SE-15 


Digitizing  rate:  200,000  Hz 

Calibration:  10097 

Filtering:  20  kHz  low  pass  filter 

5-17  kHz  band  rejection  filter 


D35 


